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Description 

Field of the Invention 

The present invention relates to telecommunica- 5 
tions systems architecture, in general, and more partic- 
ularly, to a method and apparatus for managing virtual 
circuits for cellular telephony. 

Background of the Invention 10 

FIG. -1-depicts*a schernatk>diagranrrof apportion of- 
a typical wireless communications system in the prior 
art, which system serves a number of wireless terminals 
that are situated within a geographic area. The heart of 15 
a typical wireless system is known as a Mobile Switching 
Center ("MSC") or, alternately, as a Mobile Telephone 
Switching Office ("MTSO"). Typically, the MSC is con- 
nected to a number of base stations, which are dis- 
persed throughout the geographic area serviced by the 20 
system, and the local and long-distance telephone net- 
works. The MSC is responsible for, among other things, 
routing or "switching" conversations between wireless 
terminals and between a wireless terminal and a wire- 
line terminal, which is connected to the wireless system % s 
via the local and/or long-distance networks. 

The geographic area serviced by the wireless sys- 
tem is partitioned into a number of spatially distinct ar- 
eas called "cells.- As depicted in FIG. 1, each cell is 
schematically represented by a hexagon; in practice, 30 
however, each cell usually has an irregular shape that 
depends on the topography of the terrain serviced by 
the system. Typically, each cell contains a base station, 
which comprises the antennas and radios that the base 
station uses to communicate with the wireless terminals 3S 
and also comprises the transmission equipment that the 
base station uses to communicate with the MSC. 

For example, when wireless terminal 1 1 1 desires to 
communicate with wireless terminal 1 1 2, wireless termi- 
nal 111 sends its data to base station 100, which relays 40 
the data to MSC 120. Upon receipt of the data, and with 
the knowledge that it is intended for wireless terminal 
112, MSC 120 then returns the data back to base station 
1 00, which relays the data, via radio, to wireless terminal 
112. Although it may appear odd that the data must be 45 
transmitted from the base station to the MSC only to be 
returned, it is necessary when base station 100 does 
not have switching capability. In general, the link be- 
tween the base station and the MSC carries a great 
quantity of data, and now that wireless systems are car- 50 
rying substantially more video and high-speed data than 
they have in the past, it has become very important for 
the link to and'from the base-stations to be-capable of 
efficiently carrying large quantities of data. 

55 

Summary of the Invention 

A method and apparatus for managing a virtual cir- 



cuit network is claimed, which facilitates enables hand- 
off management in a cellular telecommunications 
sytem. An illustrative embodiment establishes a virtual 
ciruit by receiving, at a radio port, a virtual circuit iden- 
tifier from a wireless terminal and attaching the virtual 
circuit identifier to an OA&M cell. The radio port then 
transmits, over a pre-established unidirectional virtual 
ciruit, the OA&M cell to a radio port manager. 

Brief Description of the Drawings 

. FIGrtdepicts*as©hemafcdiagram of atypical wire- ^ ■ 
less communication system in the prior art. depicts a 
schematic diagram of a typical wireless communication 
system in the prbr art. 

FIG. 2 depicts a schematic diagram of a telecom- 
munications system architecture in accordance with the 
exemplary embodiment of the present invention. 

FIG. 3 depicts a diagram of the message flow paths 
among the logical subsystems that comprise the exem- 
plary embodiment of the present invention. 

FIG. 4 depicts a schematic diagram of typical mes- 
sage flows involving some of the logic ial subsystms that 
comprise the exemplary embodiment. 

FIG. 5 depicts a diagram of typical signaling con- 
nections in the exemplary embodiment. 

FIG. 6 depicts a diagram of the message flows an- 
other illustrative controller as shown in FIG. 3. 

FIG: 7 depicts a diagram of illustrative message 
flows for a wireless terminal originated call.. 

FIG. 8 depicts a diagram of illustrative message 
flows for a wireless terminal terminated call. 

FIG. 9 depicts a block diagram of the interconnec- 
tivity of the network elements in the exemplary embod- 
iment. 

FIG. 10 depicts a block diagram of a radio port in 
the exemplary embodiment. 

FIG. 11 depicts a block diagram of the Packet 
Processing Complex. 

FIG. 12 depicts a block diagram of the Narrowband 
Internetworking Unit. 

FIG. 13 depicts a block diagram of the Wireless . 
Control Complex. 

FIG. 14. depicts a block diagram of the Wired Net- 
work Control Complex. 

FIG. 15. depicts a block diagram of the Application 
Server Complex. 

FIG. 16. depicts a block diagram of the Network 
Management Complex. 

FIG. 17 depicts the timing of the typical message 
flows for a wireless directed hand-off using pre-estab- 
lished uni-directional virtual channel connections. 

FIGr T8~ depicts the" timing of the typical message-*^, 
flows for a wireless directed hand-off using pre-estab- 
lished bi-directional virtual channel connections. 

FIG. 19 depicts the timing of the typical message 
flows for a wireless directed hand-off using no pre-es- 
tablished virtual channel connections. 
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FIG. 20 is a typical configuration for the RF Distri- 
bution Unit. 

FIG. 21 is another typical configuration for the RF 
Distribution Unit. 

F ' G - 22 is another typical configuration for the RF s 
Distribution Unit. 

Detailed Description 



1. Introduction 
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For- pedagogieaf-feasons?: the •-detailed description - > 
is partitioned into five sections. This section is an over- 
view of the exemplary embodiment of the present inven- 
tion, wh.ch preferably comprises an ATM based tele- 75 
communications network architecture that is advanta- 
geously capable of supporting both wireless and wire- 
line telecommunications. Section II describes the logical 
subsystems that compose the exemplary embodiment 
The message flows associated with wireless terminal 20 
registration, call origination and call termination in the 
exemplary embodiment are described in Section III 
Section IV describes howthe logical subsystems of Sec- 
tion II are grouped into functional modules in the exem- 
plary embodiment, and Section V describes hand-off as 
management in accordance with the exemplary embod- 

One goal of the exemplary embodiment is to exploit 
the functionality provided by ATM technology to reduce 
equipment and operating costs. The present invention so 

"JS TJ aCC6SS ,echnol °°y (e.g.. AMPS, TD- 
™ma ? ] alth0U9h the P refe "-ed embodiment uses 
CDMA because it already uses packetized data 

A high level depiction of the architecture of the ex- 
emplary embodiment is given in FIG. 2. Its salient ad- ss 
vantages preferably include: 

1. the redistribution of the network systems in a 
modular fashion among a plurality of processing 
elements or servers (e.g. ,211.213, etc.), which are 40 
interconnected by a broadband network (e q an 
ATM network. B-ISDN) that uses "cells" to transport 
information. This approach advantageously facili- 
tates the addition of processing elements to the sys- 
tem, at any time, to accommodate increased 45 
demand on the system. It is also advantageous for 
restoratoin and failure control. 
2. the dynamic allocation of resources. For exam- 
ple, for a given call, only a subset of the processing 
elements in the system may be required, depending so 
on whether the call is land terminated, wireless ter- 
m.nal terminated, or whether it.is. a voice, data or 
multimedia call: -\H me - exernpfery emBOdimenr 
advantageous connection set-up procedures ena- 
ble a given call to only consume those resources in ss 
he system that are necessary for the completion of 
the call. 

3. extensive exploitation of off-the-shelf compo- 



nents. The broadband network spanning the serv- 
ice area preferably consists of a combination of 
macr °- and micro-switches and ATM multi- 
plexors arranged in a local-area or metropolitan- 
area network. ATM network components are off- 
the-shelf units and are already available from sev- 
eral manufacturers. Access to the Public Switched 
Telephone Network ("PSTN") is provided via ATM 
Switches and/or standalone broadband/narrow- 
band interworking units (shown in FIG 9) 
4 lower system cost. Cell sites CCS") in the exem- 
plary embodiments pref erablyreplaced-by .one 

rad , i ? P ° rtS ( " RP " ) - Functi °nally. radio ports 
are drfferentfrom cell sites since most of the control 
functions associated with cell sites are advanta- 
geously moved back into the network where they 
can be accessed/shared by any radio port in the 
system. This facilitates miniaturization and lowers 
overall system cost by allowing N + 1 sparing of the 
control function. Fautt recovery in current cellular 
systems is accomplished via 1 +1 sparingof thecon- 
trailers. 

5. low cost off-the-shelf ATM multiplexors, which 
can be used to concentrate traffic from multiple 
radio ports to benefit from the economy of scale in 
wide bandwidth pipes. This is one reason why in the 
exemplary embodiment the ATM transport is pref- 
erably extended all the way to the radio ports 

6. the separation of connection management and 
call management, which enables the accelerated 
development and introduction of advanced services 
such as video, imaging, and multimedia. This sep- 
aration also advantageously facilitates the real-time 
allocation of network resources (e.g.. frame selec- 
tors speech codecs and wireless network control- 
lers). 

7. the "user process," which serves as a proxy for 
the user terminal and which facilitates the set-up of 
calls involving advanced services (e.g., video) This 
facilitates call registration without overconsuming 
costly wireless bandwidth. 

8- simplified call-routing, and faster call set-up 
through the use of wireless "fixed points " 
9. enhanced services to roaming subscribers 
hrough the use of a "Home Call Manager." In con- 
trast to the Home Location Register/Visitor Location 
Register ("HLR/VLR") approach of systems in the 
prior art of transferring subscriber profiles between 
home and serving systems, call control is pref erably 
the responsibility of a subscriber's home service 
provider regardless of the subscriber's location 
Connection management, in constrast, is prefera- 
bly perfortne^by the-servirrg system.- This is facili- - - 
tated by the availability of high bandwidth pipes to 
the home system. 

10. the simplification of information and resource 
management through the use of "gateways ■ which 
separate the wireless vs. fixed and local vs global 
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aspects of providing service. 

11. the support of expedited mobile-assisted and 
mobile-directed hand-off through the pre-establish- 
ment and dissemination of virtual path connec- 
tion/virtual circuit connection ( M VPC/VCC°) routing 
tables. 

12. in-band performance monitoring and supervi- 
sory capabilities, which are used for hand-off man- 
agement, fault management, configuration man- 
agement, connection quality control and radio link 
quality control. 

The book ISDN and Broadband ISDN, 2nd Ed. by 
William Stallings, Macmillan Publishing Company 
( 1 992), provides a good background on ATM technology 
and ATM adaptation layer protocols and is hereby incor- 
porated by reference as if set forth in its entirety. The 
disclosure of three United States patent applications, all 
assigned to the assignee of this application are incorpo- 
rated by reference: (1) serial number 

, entitled "Broadband Adaptation 

Processing, "filed October 17, 1994, (2) serial number 
08/1 64,51 4, entitled "A Signaling System for Broadband 
Communications Networks, 0 filed December 9, 1993, 
and (3) serial number 08/164,521, entitled "Direct Sig- 
naling System for Narrowband Communications Net- 
works," filed December 9, 1993. Further, the disclosure 
of D.J. Goodman, U.S. Patent 4,916,691, issued April 
10, 1990 is also incorporated by reference. 

2. Network Subsystems 

The exemplary embodiment preferably comprises 
conceptual "subsystems" that establish, supervise and 
release both wireless and wireline calls. Objects that are 
tightly coupled are grouped into "subsystems." It should 
be understood that the partitioning of the exemplary em- 
bodiment into these conceptual subsystems is only a 
functional partitioning and in no way should restricts the 
manner in which embodiments of the present invention 
can be implemented. 

For example, each subsystem can be implemented 
on its own platform; or several subsystems can share a 
hardware platform, or one or more subsystems can be 
distributed across multiple platforms. Except when ex- 
plicitly stated otherwise, a reference to a particular Man- 
agement Subsystem or Handler in this specification re- 
fers to a logical subsystem rather than the hardware im- 
plementation of that subsystem. 

2.1 List of Network Subsystems 

The exemplary emb'odiEEfeTTtr.prefBrably comprises 
25 subsystems, which, for pedagogical reasons, are ad- 
vantageously divided into six groups according to their 
primary role. The six groups are: 

1 . Packet Transport - The subsystems in this group 
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preferably share the responsibility for transporting 
user information and system data between network 
elements. The subsystems in this group are: 

Radio Port Subsystem ("RP D ); 

• Radio Port Multiplexing Subsystem ("RPM"); 
Packet Handling Subsystem ("PH"); 

• Signaling Message Handling Subsystem 
("SMH"); and 

• Control Channel Message Handling Subsys- 
tem (°CCMH D ). 

2. Channel Management - The subsystems in this 
group are responsible for allocating communica- 
tions resources (e.g., channels). The subsystems 
in this group are: 

• ATM Channel Management Subsystem 
("AChM"); and 

• Radio Port Channel Management Subsystem 
("RPChM"). 

3. Call Control - The subsystems in this group are 
responsible for processing service requests, and 
include the following: 

• Call Management Subsystem ("CM"); and 

• User Signaling Server Subsystem ("USS"). 

4. Connection Control and Mobility Management - 
The subsystems in this group are concerned prima- 
rily with connection control and management for 
mobility. The group includes the following: 

• Configuration and Location Management Sub- 
system ("CoLoM"); 

• ATM Connection Management Subsystem 
("ACoM"); 

• Radio Channel Quality Management Subsys- 
tem ( D RCQM B ); and 

• Wireless-Wired Gateway Connection Manage- 
ment Subsystem ("WWGCoM"). 

5. Network Management - The subsystems in this 
group are responsible for traditional OA&M 
processing as well as those aspects of OA&M 
unique to wireless and ATM applications. The group 
consists of the following: 

• Billing Subsystem; 

• Security Subsystem; 

ATM Network Management Subsystem 
(fANM'fcara* 

Wireless- Wired Gateway Network Manage- 
ment Subsystem ("WWGNM"). 

6. Applications and Services - The subsystems in 
this group are used to support requests for services 
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that require significant amounts of application-spe 
cific processing. They include: 



• Speech Handling Subsystem ("SH")- 

• Multimedia Multiparty Management Subsys- 
tem ( MMM"); y 

• Packet Data Handling Subsystem ("PDH"V 

• Circuit-Switched Data Handling Subsystem 

• SS7 Message Handling Subsystem- 

• Fax Handling Subsystem; 

• Message»Services^uteysterrr;and* , 

• Video Services Subsystem. 

2.2 System Operation 

This section is intended to illustrate by simple ex- 
ample how the subsystems identified above preSrab^ 
worktogethertosuppor, typical calls in accordance^ 
the exemplary embodiment 

a XTT 10 F ) G - 3 ' Whe ° 3 packet transmitted by 
a wireless termma. ("WT") is received by a radio port, I 
.s demodulated, decoded, encapsulated in an ATM eel 
and forwarded to the Radio Port Mu.tip.exing Subsys- 
ATMc^r P ° rt Multi P ,exi "9 Subsystem collects 
Z^lT t 0 ™^ 6 ^ radi °P°^ andmultiplexes them 
onto a higher bandwidth facility for more cost-effective 
transport to the ATM network. eneci.ve 

pJ^u^H n6tWOrk d6liVerS ,he A ™ cells to the 
Packet Handling Subsystem where, for the first time the 

m nT '° n COn,em °' the Packet from wetes tor- 

soS LTT 6 "- " thS PaCk6t Contains impressed 
speech data. ,t ,s preferably repackaged in an ATM cell 

anddehveredtothe Speech Handling Subsystem where 
he d a , a ls decoded and jn genera( ^ m 

f the remote end is capable of accepting coded speech' 
the Speech Handling Subsystem can be bypassed 

Twii^ ? de P endln 9 on the presence or absence of a 
4-we to 2-w.re conversion in the path to the remote ter- 

If the packet delivered to the Packet Handling Sub- 
system contains circuit mode user data, the contents are 
encapsulated in an appropriate ATM Adaptation ^yer 
( AAL ) and sent to the Circuit-Switched Data HandlL 
Subsystem that implements the link ,ayer functions and 
error recovery strategies for the air-interface. Depe nd - 
SLi I t *L requiremen,s of the application, the Circuit- 
S wrtched Data Handling Subsystem may also termina l 
the transport layer for the radio interface and begin a 
new one for the land network, thus performing anTer 

Packet Handlmg Subsystem coH^inrng-data for other 

t:::t c t e - 9 -' packet da,a - 

as well as internetworking with B-ISDN are routed to the 

;:^ y app,ica,ion data >»*»» * 

ln-band signaling messages, which are typically 



transrnrtted in segments over the air-interface, are as- 
fnnt I" 6 PaCket Hand,in 9 S ^system befo e be- 
Tvstrt , ,0,h ?. Si9na,in9 Messa ° e Handling Sub- 
5 oSf k, 8 S ' 9nal ' n9 Messa9e Hand 'in9 Subsystem 
* preferably parses the messages and forwards them to 

the appropriate control subsystem 

Messages containing radio channel quality meas- 
urements are carried in-band on the radio cha^nd 

» s^tr ed H b rV adi ° P ° rt ' th8 Packet Hand, ng Sub 
tem f^H o ?. 9 S,9nalln9 Messa9e Handling Subsys- 

rT^, ? J ?, Ua,lty ° f the ' fadio channel falls belowa- 
pre-estabdshed level, the Radio Channel Quality Man 
agement Subsystem notifies the Radio Port Chanel 
" Management Subsystem of the need for a hand-off a! 
^natively. in a mobile-directed hand-off. the h^ff 
request is initiated by the wireless termina on an access 

20 S 1 M D 6SSa9e HandlinQ Subsystem and directly to 
the Radio Port Channel Management Subsystem The 

slble fo i, Channel Mana9eme "t Subsystem is "s pon 
s ble for all aspects of radio resource management in- 
cluding coordination of the activities needed to effe C a 
successful hand-off. a . 

. uJS" CO ? U ° l messaaes - ^ constrast, are sent to the 
User Scaling Server Subsystem. The User Signal ng 
Server Subsystem converts the service-reiated request 
fl H m < C ° mPatiblS With the COreca " Pressing plat- 
wh^thl ^^gement Subsystem checks to see 

rTouesi? ^ SUbSCr,ber iS e,i9ible to ^ceive the 
Sub^ 

cif.c subsystems as needed to determine the type of 
connect™ that is required. Once the connectS re 

MarioeT f? established t ^1, 

Management Subsystem contacts the ATM Connection 
Management Subsystem and instructs it to establish he 
appropriate connection. The ATM Connection MaSae 
ment Subsystem determines the optima, route tor T 
<* connection and. in turn, contactsthe ATM Channel Man! 
agemen, Subsystem. The ATM Channel Management 
Subsystems may. be distributed across all the network 
nodes involved in the connects. The ATM Channel 
« bv Zr SUbSyS,6m terminates lhe «*ah of events 

cmor rvRA^n r Ual r ath indicato ^"ua. circu* inc? 
caior ( VPI/VCI") translation tables 

lorST^-J*™ iS an ° ,her im P° rtant fu ^tion par- 
s' Sndta'suh Hand,ln9 and Si9na,i "9 Mes i* 
Handling Subsystems, namely that of acting as -wire- 
em « X6 H FT ' That th9 Packet Handling SubsyT- 
Z \ * ^ S ' 9nalin9 Mess a9-Hand.ing Subsystem 

^ k 7^T d T tmnSParenbt ° *-^of mine": , 
work. If the User Signaling Server Subsystem needs to 

S , ?? < i Wh " e " torexample'tsimpv Jends 
S ( gna, Ing Message Hand|jng Sub 
Message Handling Subsystem constructs the appropri 
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ate message and forwards it to the Packet Handling 
Subsystem, where it is merged with the user data 
stream and sent to the radio port (or multiple Radio ports 
during soft hand-offs) with which the wireless terminal 
is communicating. If the Signaling Message Handling 
Subsystem and Packet Handling Subsystem did not 
perform the wireless fixed-point function, each control 
subsystem would have to track the whereabouts of eve- 
ry wireless terminal it serves down to the serving radio 
port level. 

Messages received by a radio port on the reverse 
control channel (accessrchann64):are*.T©utedrdireetly tc*r 
the Control Channel Message Handling Subsystem 
over PVCs. The Control Channel Message Handling 
Subsystem and Signaling Message Handling Subsys- 
tem are similar in many respects. Both, for example, im- 
plement a discrimination function for parsing out mes- 
sages to the control subsystems. Both also play key 
roles in relaying information from the system to the wire- 
less terminal. One Signaling Message Handling Sub- 
system resource is preferably dedicated per active wire- 
less terminal during a call; one Control Channel Mes- 
sage Handling Subsystem resource is preferably dedi- 
cated permanently per radio port. 

The Control Channel Message Handling Subsys- 
tem routes power-up registration information to the Con- 
figuration and Location Management Subsystem. The 
Configuration and Location Management Subsystem, 
being responsible for subsystem resource assignment, 
uses this information to instantiate a User Process 
("UP") in the aforementioned User Signaling Server 
Subsystem and to allocate" Wireless-Wired Gateway 
Connection Management Subsystem resources. The 
Wireless-Wired Gateway Connection Management 
Subsystem oversees the per-ca!l establishment of con- 
nections between the wireless fixed point (i.e., the Pack- 
et Handling Subsystem and Signaling Message Han- 
dling Subsystem ) and the radio port. 

The Control Channel Message Handling Subsys- 
tem forwards subsequent registration attempts directly 
to the appropriate User Process, consulting the Config- 
uration and Location Management Subsystem only 
when it receives a message from a wireless terminal it 
knows nothing about. This is advantageously done to 
keep the Configuration and Location Management Sub- 
system from becoming a bottleneck due to numerous 
location updates. 

The Control Channel Message Handling Subsys- 
tem also routes requests for service directly to the User 
Process. The User Signaling Server Subsystem hous- 
ing the User Process processes such requests in es- 
sentially the same manner as those routed to it via the 
Signaling Message Handling Subsystem: 

Two of the subsystems not shown in FIG. 3 are the 
ATM Network Management Subsystem and the Wire- 
less-Wired Gateway Network Management Subsystem. 
The ATM Network Management Subsystem is respon- 
sible for the maintenance and configuration functions 



normally associated with ATM networks, including pop- 
ulating the ATM Connection Management Subsystem 
routing tables. The Wireless-Wired Gateway Network 
Management Subsystem, in constrast, is responsible 

5 for establishing the signaling links between subsystems 
unique to the wireless application (e.g. t radio port, Pack- 
et Handling Subsystem and Control Channel Message 
Handling Subsystem). The Wireless-Wired Gateway 
Network Management Subsystem is also responsible 

10 for pre-establishing the matched virtual circuit identifier 
("VCID 1 ) sets used for facilitating rapid hand-offs. This 
process is describedimore fuHy*irv Section Vt>elow; 

The roles played by the other subsystems identified 
in Section 2.1 but not depicted in FIG. 3 are described 

is in Section 2. 1 .3 along with a more detailed description 
of the subsystems previously discussed. 

2.3 Subsystem Descriptions 

20 2.3.1 The Packet Transport Group of Subsystems 

2.3.1.1 Radio Port Subsystem 

The Radio Port Subsystem preferably provides the 
25 physical transport related functions associated with the 
air- interface, including frequency translation and modu- 
lation/demodulation. Moreover, since soft-decision de- 
coding is more conveniently implemented where the 
physical layer of the radio interface is terminated, chan- 
30 nel coding/decoding and interleaving/deinterleaving are 
also advantageously regarded as Radio Port Subsys- 
tem functions. Furthermore, depending on the air-inter- 
face, multiple channel decoders may advantageously 
be implemented to support variable rate coding strate- 
35 gies and/or to distinguish packets containing user data 
from those carrying blank and burst signaling. 

In addition to terminating the air-interface physical 
layer, the Radio Port Subsystem also terminates the B- 
ISDN physical layer, the ATM and AAL layers for at least 
40 four pre-established VPCs and their associated VCCs. 
One VP/VC is used to transport decoded traffic channel 
packets between the radio port and Packet Handling 
Subsystem. The VCCs associated with this VPC are al- 
located on a per-call basis by the Radio Port Channel 
45 Management Subsystem in response to a request for a 
connection from the Wireless-Wired Gateway Connec- 
tion Management Subsystem. Depending on the hand- 
off mechanism in effect, more than one VP/VC may be 
assigned to a given call by the Radio Port Channel Man- 
50 agement Subsystem. A second VPC is used to support 
the pilot, paging and access channel processes running 
in the Control Channel Message Handling Subsystem. 
The third VPC is" used to access the 1 radio resource* al- 
location and ATM channel management functions pro- 
55 vided by the Radio Port Channel Management Subsys- 
tem. The fourth is used by the Radio Channel Quality 
Management Subsystem to download dynamic power 
control instructions. 
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For cellular coverage the Radio Port Subsystem is 
preferably distributed across multiple hardware "boxes 
or radio ports.- Each radio port provides radio cover- 
age for a specific geographic area. The number and 
placement of Radio ports is dependent on several fac- 
tors, includ.ng topography, multiple access technology 
capacity, frequency band, zoning rules and the availa- 
bly and cost of network access. Furthermore, some 

S P ?K SCa T ,ySUPPOrtafeWUsers ( e -9'P ic °cells), 
while other rad.o ports can support hundreds of users 
(e.g.,macrocells). Regardless oftheirsizeornumberor 
he asGess.teshinotogy^ey supportrthe primary^func- 
■on of the individual radio port remains the same as in 
the pnor art: to convert electromagnetic signals to bits 
and vice-versa. . ' 

2.3.1.2 Radio Port Multiplexing Subsystem 

The preferred function of the Radio Port Multiplex- 
ing Subsystem is to concentrate the traffic from multiple 
radio ports to achieve the economy of scale normally 
attuned from transport via higher bandwidth facilities 
Note that the Radio Port Multiplexing Subsystem pref- 
erably does not perform any control functions. In fact 
he Radio Port Multiplexing Subsystem does not even 
termmate AALs. As such, the Radio Port Multiplexing 
Subsystem is not the same as, nor should it be com- 
pared to or confused with, the radio port controller ele- 
ments of other architectures (e.g., GSM and PACS) All 
control functions normally associated with radio port 
controllers are advantageously moved back into the net- 
work where they can be accessed by all the radio ports 
m the system, not just by the radio ports connected to a 
controller via dedicated, nailed-up links. The separation 
of the control and multiplexing functions also enables 
the use of industry-standard ATM multiplexors as a plat- 
form for the Radio Port Multiplexing Subsystem 



advantageously assembled. In the forward direction the 
Packet Handling Subsystem combines signaling data 
from the Signaling Message Handling Subsystem with 
speech data from the Speech Handling Subsystem in 
accordance with the rules of the associated air-inter- 
iace^ It then encapsulates the results in an AAL and 
sends the ATM cells to the radio port serving the wire- 

wp!^ rm ' n f' OVer tne appropriate VP/VC (multiple 
VPs/VCs in the case of soft hand-off) 

W hp A o n u ,8d previouslv in Section 2.2, the Packet Han- 

— ■- ™?™? yS, T alS ° SerV6S 35 tne ^ed-point for the 

' ?! " h " 8 * bS necesSa, V te -*ange,the-~ 

VPs/VCs between the Packet Handling Subsystem and 

is £r^ S,emdurin9acalltomai ^^rSi 
link the VPCs/VCCs between the Packet Handling Sub 
system and the other subsystems it communicates with 
only change during a call in response to component fail- 
ures or requests for hard-hand-offs to other systems. 

2" 2.3.1.4 Signaling Message Handler Subsystem 

The Signaling Message Handling Subsystem per- 
forms two basic functions: 



2S 



30 



pars.ng out reverse traffic channel signaling mes- 
sages to the appropriate control subsystem- and 
acting as the signaling fixed-point for the transmis- 
sion of messages to wireless terminals on forward 
traffic channels. 



2.3. 1.3 Packet Handling Subsystem 



The Packet Handling subsystem terminates nel- 
work-rad.o port VCCs and their associated AALs De- 
pending upon the requirements of the air-interface it 
may also terminate the traffic channel link layer and/or 
implement a frame-selection function to support soft 
hand-offs. Regardless of the air-interface, however the 
Packet Handling Subsystem is always responsible for 
separating speech, user-data and in-band signaling into 
separate streams, and for directing each stream to the 
appropriate subsystem for further processing (or con- 
catenating separate streams for transmision to the wire- 
less terminal). 

In-the-reverse directfdm-the Packet Handling Sub- - 
system directs speech packets from the Radio Port Sub- 
system to the Speech Handling Subsystem and user- 
data packets to the appropriate data handling subsys- 
tem. In-band signaling messages are forwarded to the 
S.gnalmg Message Handling Subsystem once they are 



^1 S,gna,in 9 Message Handling Subsystem pref- 
erabV communicates with the Wireless-Wired Gateway 
Connection Management Subsystem, the User Signal- 
mg Server Subsystem, the Radio Channel Quality Man- 

a9 m em f n L SUbSyS,em and the Packet Handling Subs^- 
tem. As depicted in FIG. 4, this is preferably Sone over 

co e to P ca7ed 0ned VP/VCS * hen the subs V ste ™ are not 

40 inn J! 18 ParS '^ 9 and fixed -P° int Unctions of the Signal- 
ing Message Handling Subsystem are also illustrated in 

S u h.i,? r f XamP i e ' thS Si9na,in9 Messa 3 e Haling 
Subsystem forwards: 

• "Connect Order Messages" indicating acceptance 
of incoming calls to the Wireless-Wired Gateway 
Connection Management Subsystem 

• "Power Measurement Report Messages" contain- 
ing wireless terminal assisted hand-off data to the 

^ Rad.o Channel Quality Management Subsystem, 

• "Release Order Messages" ending calls to the User 
Signaling Server Subsystem. 

ss Hfl n^ eSS o 9 f PaSSed °" by ,he S, '9 na,in 9 M^sage 

fixed TH? i ^ " n9 MeSSage Hand,in 9 Subsystem's 
Tixecf-point role include: 
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"Alert With Information Messages" from the Wire- 
less-Wired Gateway Connection Management 
Subsystem indicating the presence of incoming 
calls, and 

"Flash with Information Messages" from the User s 
Signaling Server Subsystem system supporting the 
call-waiting feature. 

Note that the above lists are by no means exhaus- 
tive and may vary considerably from one air-interface to 10 
another. However, for a given "suite" of air-interfaces, e. 
g., AMPS, the set of forward and reverse traffic channel - 
messages and their content tend to be similar. As such, 
the Signaling Message Handling Subsystems for the 
members of the suite are be remarkably similar, even is 
though corresponding messages may be formatted 
(and named) quite differently. 

2.3.1.5 Control Channel Message Handler 

Subsystem 20 

The Control Channel Message Handling Subsys- 
tem performs three functions: 

Paging Channel Processing ("PCP"); 25 

• Access Channel Processing ("ACP"); and 

• Pilot and Sync Channel Processing ("PSP"). 

The Control Channel Message Handling Subsys- 
tem and Radio Port Subsystem communicate directly so 
over pre-established VPs/VCs. The Packet Handling 
Subsystem is preferably not in the path because two of 
its main functions, e.g., frame selection and user data 
vs. signaling discrimination, are not needed to process 
control channel message streams. 35 

In addition to Page messages, the Paging Channel 
Processing function also handles System Parameter, 
Access Parameter, Neighbor List, and CDMA Channel 
List messages. These messages are transmitted peri- 
odically by the radio port on the paging channel. For in- 40 
formation on CDMA technology and the internal format- 
ting of CDMA packets, the reader is referred to Interim 
Standard 95 (alternatively known as PN-3118 and "IS- 
95"), which published by the Telecommunications In- 
dustry Association, Washington D.C., and is hereby in- * s 
corporated by reference as if set forth in its entirety. 

Of particular interest here, because of its impact on 
the registration scenarios, is the System Parameter 
message. Among other things, the System Parameter 
message is used to inform the wireless terminals under so 
what circumstances they need to register. There are 
flags to indicate, for example, whether or not the wire- 
less terminals need to register upon power-up and/or 
power-down, when they cross from one "zone" in the 
system to another, or periodically when a registration 55 
timer expires. In other words, with all of these registra- 
tion options preferably available, there is no need to sup- 
port procedures in the network for offering calls to un- 
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registered wireless terminals. As such, no provisions 
are advantageously made, for example, to support sce- 
narios in which an Origination message is the first indi- 
cation that the wireless terminal in question is active in 
the system. 

The primary duty of Access Channel Processing is 
to route messages arriving via reverse control channels 
to the appropriate subsystem for further processing. 
Upon receipt of a Registration message, for example, 
Access Channel Processing checks to see if it knows 
how to deliver it to the User Process representing the 
wireless terminal. If it doesnt, it passes the message on- 
to the Configuration and Location Management Subsys- 
tem which, in turn, instantiate a User Process in the User 
Signaling Server Subsystem and tells the Control Chan- 
nel Message Handling Subsystem how to communicate 
with it. Establishing the Control Channel Message Han- 
dling Subsystem to User Process communications link 
during the registration process allows the Control Chan- 
nel Message Handling Subsystem to forward subse- 
quent registration messages, as well as requests for 
service (i.e., Origination messages) directly to the User 
Process. This speeds-up the call establishment process 
and reduces the load on the Configuration and Location 
Management Subsystem. Communications between 
the Control Channel Message Handling Subsystem and 
the Configuration and Location Management Subsys- 
tem and User Signaling Server Subsystems are carried 
over pre-established VPsA/Cs. 

it should be noted that alternative schemes wherein 
all Registration and Origination messages are forward- 
ed to the Configuration and Location Management Sub- 
system for subsequent delivery to the User Process can 
also be implemented. The advantage of embodiments 
incorporating this scheme is that it eliminates the need 
for the Control Channel Message Handling Subsystem 
to maintain Control Channel Message Handling Sub- 
system-User Signaling Server Subsystem routing ta- 
bles. 

If the system supports short message services, the 
Control Channel Message Handling Subsystem also 
maintains communications links to the Message Serv- 
ices subsystem. 

2.3.2 The Channel Management Group of 
Subsystems 

2.3.2.1 ATM Channel Management Subsystem 

The ATM Channel Management Subsystem prefer- 
ably manages "channel" and VP/VC translation tables. 
A channel means a point-to^ point unidirectional link 
within an "ATM Interface between a usei/server and"a' 
switch, between two switches, between a switch and a 
cross-connect, or between cross-connects. It corre- 
sponds to the virtual channel link ("VCL") or virtual path 
link ("VPL") as defined in CCITT Recommendation I. 
113. The VP/VC Translation Table lists the interconnec- 
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Ihrouoh frK e,S tha ' SUPP ° rt c °™^ions passing 
Z Tn 7 S ° r CrOSS - co ""«^- The functions of 
the channel manager preferably are: 

' ^^f'^^'fy.drop. and maintain chan- s 
nels on all the ports of the switch or end-point (user 
or^erver) with which this channel manager is asso- 

* nTr in 1 P/V ° Translation Table entries for con- 
nects that traverse the switch with which the io 
channel manager is associated- and 

" and V ^ a r nd ; 0,f ''? ntro, b ^ ea3si 9"*n9^ann e .s 
and VP/VC translat.cn table entries as needed 
while a wireless terminal moves. 
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rithm, and 

• working with the ATM Channel Management Sub- 
system to modify VP/VC translation table eniries to 
reflect the fact that the connection has bJSS? 

olavld 18 ^ o n ? i0n 18 aCtUa " y part of ,he role 
played by the Radio Port Channel Management Sub- 

ZTln '.h 6 ;; *" ° f A ™ Channe ' <™**t*x «he radfo 

Rad, '° P ° n Channel M ™*9°- 
uoZtaZ m 13 a,S ° res P° nsibl « populating and 
updat.no the tables mapping VP/VCs to radio port chan- 

tions ident.f.ed in the previous section. 



The ATM Channel Management Subsystem is pref- 
erably distributed across all the network elerrTn s one 
•nstance of the subsystem is implemented per network 
element. Functional these channe. mar^^aTe 
used to handle channels that are needed bo* tor 
switched connections on a per call basis, as well as 

TsZt ^ " Pr ° ViSi0ned which for 

example. are needed to support fast hand-off proce- 

montS LtT bS n ° ,ed th8t A ™ Channel M -Se 

iinn.1T? Cat, ° n) and resource verification over 
s.ngle links on ty. They do not have a global view of the 
« and are preferably not invoLd in sheeting 



2.2.2 Radio Port Channel Management Subsystem 

is relZ^e,:? Channel Mana96ment Sub ^tem 

• RF channel management; and 

• Radio Port Subsystem ATM channel management. 

Chann^M ' e 38 RF Channe ' mana 9 er - the R adio Port 
ST ^ ana u 9 ement Subsystem preferably selects 

ZlTnT ' ^ir™ 1 ' timin9 offset - ete - t^t is used 
to handle each call. The data needed by the Radio Port 
Subsystem to establish and maintain radio links I de- 
livered directly via pre-established VP/VC. vTeless ter 
Tnt Tr parameta ^ «n contrast, are sent ?o ne 

SrSSrS 8 ' M6 f I 39 " Hand,in9 Subsyslem - The- 
ChannS a Pressing function constructs a 

Channel Assignment message and sends it to the serv- 

,or subsequem transmission to *• «*- 

RF IT i0 P ° rt Channe ' Mana 9ement Subsystem 
RF channel management function is also respond 
for supervising hand-o1fs?=*fffe involves- P onsiDle 



» 2.3.3 The Call Control Group of Subsystems 
2.3.3.1 Call Management Subsystem 

» -wh^e^ 

: 11 d 38 associa »ions belween user appli- 
cations and servers. Its specific functions include: 

* z:zx e capabiV * yto estab,ish - modify and - 

25 • maintaining subscriber profiles 

" U t Ser " t0 - USer and u^-to-network nego- 

t.abon of opt,ons and check tor user/server staL 
and compatibility, us . 

so * s ^'ce invocation and coordination func- 

a^J?? n6ed f ° r Special sources, such 
as protocol converters, 

• majntainingcallstateandconfiguration information. 

35 • managing call reference values and user account 
information for select services. account 

tem T C 1 o e nf?nl'! 1i 1 ,edia MUlt, ' Party Man a 9 ement Subsys- 
« em anS A?M ra r °" L ° Cati ° n Mana 9^ent Subsjs- 
£|T , r Conne <*on Management Subsystem en- 
tu eoMh am ° n9the ° th8r sub ^ems in the arcWtec- 
^re of the exemplary embodiment supported by the Call 
Management Subsystem. "/.meoaii 



45 



2.3.3.2 User Signaling Server Subsystem 



fa? ^^o 9 ^' 961 radi °P° rts ba ^don data supplied 
system *' Mana 9«ment Sub- 

executing the appropriate call processing algo- 



The User Signaling Server Subsystem manaoes 

£J£2£« US6r PrOCeSSeS <W)- EaTK 
^recess acts as an agent for the call control needs of * 

entrt.es communicate with the User Process renr^Jn, 
■no the wire.ess terminal indirectly. rs^Zn^e- 

the Confix ™* r "~*— «"*r>«!^ 

« em whe 9 rr M ^ment S Ubsy l 

em when the wireless terminal powers-up or otherwise 

-strat.on messages. User Processes preferably: 
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tracks the availability and willingness of the wireless 
terminal to accept incoming calls, 
• processes Origination messages, representing 
wireless terminals in negotiations with the network 
for requests for service , and 
responds to requests from the Wireless-Wired 
Gateway Connection Management Subsystem to 
find the radio port serving a particular wireless ter- 
minal. 

For example, by tracking the busy/idle status of the 
wireless terminal and knowing whichway "MOB^TERM, 
■ a parameter in Registration messages, has been set, 
the User Process is able to limit paging to those wireless 
terminals that are available and willing to accept incom- 
ing calls. 

In connection with the second item, note that in the 
event the wireless terminal has extended capabilities, 
e.g., it is a multimedia laptop, it may be necessary for 
the User Process to communicate with the wireless ter- 
minal to obtain the information it needs to adequately 
represent the wireless terminal in negotiations with the 
network. By using the User Process as an agent for the 
wireless terminal, this transfer, of often substantial 
quantities of data, takes place during the registration 
process instead of during the call establishment proc- 
ess. This expedites call set-up. Furthermore, the inter- 
working function provided by the User Process encour- 
ages the use of simpler terminal equipment and makes 
it possible for the network to support a wider variety of 
terminal designs. 

In its role as the subsystem responsible for finding 
the radio port able to. communicate with the wireless 
terminal, the User Signaling Server Subsystem con- 
structs a Page message and sends it to the Control 
Channel Message Handling Subsystem(s) serving the 
area (i.e., zones) where the wireless terminal last reg- 
istered. The Paging Channel Processing within each 
Control Channel Message Handling Subsystem con- 
tacted in turn ensures that the Page message is deliv- 
ered to each radio port from which the page is to be 
broadcasted. The identity of the radio port and Control 
Channel Message Handling Subsystem that receives 
the Page Response message from the wireless terminal 
is stored in the User Process and also sent to the sub- 
system issuing the "FIND" request. Subsequent com- 
munication with the wireless terminal need not involve 
the User Process. That is, communication between the 
wireless terminal and the network can be carried out di- 
rectly via the radio port, Paging Channel Processing and 
Access Channel Processing serving the wireless termi- 
nal once their identity has been determined. 



2.3.4 The Connection Control and Mobility 
Management Group of Subsystems 

2.3.4.1 Configuration and Location Management 
Subsystem 

The Configuration and Location Management Sub- 
system preferably performs several functions. 

First, it receives registration messages (simpler ver- 
sions of the air interface Registration message) from the 
Access Channel Processing in the Control Channel 
Message Handling Subsystem serving the wiretess ter^ 
minal. If it is a power-up registration, the Configuration 
and Location Management Subsystem sends a mes- 
15 sage to the User Signaling Server Subsystem instruct- 
ing it to initiate a User Process for the wireless terminal. 
In addition to the identity of the wireless terminal, the 
message also contains the list of Control Channel Mes- 
sage Handling Subsystems serving the radio ports with 
20 which the wireless terminal is most likely to be able to 
communicate. 

To avoid the need to have all messages received 
by the Control Channel Message Handling Subsystem 
passed on to the Configuration and Location Manage- 
rs ment Subsystem for routing, the Configuration and Lo- 
cation Management Subsystem sends each of the Ac- 
cess Channel Processes associated with one of the 
Control Channel Message Handling Subsystems on the 
list instructions as to how to contact the User Process 
30 directly. 

If it is a power-down registration, the Configuration 
and Location Management Subsystem sends a mes- 
sage to the User Signaling Server Subsystem instruct- 
ing it to delete the User Process. If the message from 
35 the Access Channel Process indicates the registration 
is zone-based, the Configuration and Location Manage- 
ment Subsystem first determines whether or not it is 
necessary to migrate the User Process to a different 
User Signaling Server Subsystem. This may be neces- 
40 sary, for example, if there are no direct signaling links 
(VP/VCs) between the Control Channel Message Han- 
dling Subsystem housing the Paging Channel Process- 
ing and Access Channel Processing in communication 
with the wireless terminal and the "old" User Signaling 
45 Server Subsystem. If ft is necessary to migrate the User 
Process, the Configuration and Location Management 
Subsystem oversees both the creation of the new User 
Process and the destruction of the old one. 

If the User Process does not have to be moved, the 
so Configuration and Location Management Subsystem 
sends the User Process an updated list of Control Chan- 
nel Message Handling Subsystem addresses corre- 
sponding to the new area where the wireless terminal 
needs to be paged. In this case the Configuration and 
5S Location Management Subsystem must also inlorm the 
Access Channel Processes associated with the new 
Control Channel Message Handling Subsystems on the 
list how to contact the User Process. This latter step re- 
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ta™ , IT °" thS Confi 9 ura «on and Location Man- 
agement Subsystem by a.lowing subsequent Registra- 
ton messages tobe routed directly to the User Process 
By allowing Or.g,nation messages to be routed directly 
othe User Process as well, the last step also serves to 5 
reduce post-dial delay. ^vesio 

™nf T?*' Confi 9uration and Location Manage- 
tem ATmT Sm T 9 ™ ^ Mana 9emen, Subsys- 
tem ATM Connection Management Subsystem and 

^ubtT^^ Ga,6Way C ° nnection MLgTment 10 
SfSw reS ° UrCeS t0 h3ndle 3 9,Ven ™re.ess termi- 
ng Some-resources-,^- Gall Management Sobsys^ 

Sin, 80 "' 068 " 3 ' 6 aSSi9ned When a wirele ss terminal 
the r eg stratlon process AJM Connectjon ^ 9 
Subsystem and Wireless-Wired Gateway Connection 
Management Subsystem (as well as Control Channel 

Se^?^"" 9 SUbSyStem and Us ^ SnZl 
Server subsystem) resources fit into this group In any 
case, depends on where the call arrives (i.e wWch bo 
network serv,ce provider Point-of-Presence (TOP") ) 

port) some of resources may need to be re-allocated in 
rea.-t.medunngcal.establishment.Thisisalsodoneun- 

S^SESX confi9ura,ion and Location — - 

Third, the Configuration and Location Management 
Subsystem fields requests from other subsystems as to 

terminar eSS rGS ° UrC6S to 3 

Fourth, the Configuration and Location Manage- 
to 6 ;; e%Z Stem 9en8rateS SetUp S£ *ment messages 
SonVP^cTh e t Ct, ° n Mana 9 eme ntSubsystemtopro- 

c I ^ GtWeen d,fferent netwo ^ entities 
q,.hc„l Confl '9 urati °n and Location Management 3S 
Subsystem generates Setup Connections messages to 
es ablish VP/VCs for transporting signaling meLages 
between network entities. Signaling AALs (»S-a7l s -) 
are , ypi ca„y used on these connections. As is no^ly 
he case, s.gnaling-AALs are terminated at the come"- 40 
t.one ndpoints . Iftheconnectionisa VPC, thence VC. 

on l" pT CeMS ' S i9n ° red " An ad « Connec- 
tion-Less Protocol ("CLP") may be used above the sio- 
na.,ng-AAL to allow for datagram routing of signanng 
messages between network entities that do not have f « 
direct signaling VP/VC. Ba 
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' e ' a,ionshi P be ^en the calls and connec- 
tions. It mdicates the identities of all the connections"hat 
are managed within the context of a given cS 

A Route .s a path that passes through one or more 

£ res ne connection-to-connection relationship where 

zszsr** ^ be routed « - ~™ - * 

nels A .tmav b e t ^T Catenat, '° n °' ° ne or ™ e cha "- 
neis. It may be part of a connection. In CCITT Recom 

mendat,on 1 .6! 0, a "VPC Segment" is defSedas a con" 

istrat.ve domain, and a "VCC Segment" is defined as a 
concatemantion of VC links that belong to Zl 
admin.strat.ve domain. Our definition of the woTseT 

™^^*™*^*<~£^' 

rhf . o VC " nks - Tnus - both VCS ("Virtual 

21 no" H, e9 r nr) and VPS < >Vir,ual Pa * 4ment" 
ZZ ■ m ° St CaSeS " SUch se 9™nts will belong 
1 ted T: adm f iniStrative «*"»!". but this is not man 

Zeno^r n '" 0n - The imp0rtant diffe "™e be- 
tween operations on connections and segments is that 
the former .nvofves interacting with the AAL aUhe ter 
rn.nat.or , points of the connection, while the 'l^does 
not involve any AAL termination points 

Thus, the collective functions of the connection 
manager preferably comprise: connect™ 

' S 9 X h 6 Capabi,ities to add/drop/modify a con - 
nec .on. where modifying a connection includes 

chSn a th artlC ' P , ant droppin9 a Participant, or 
changing the quality of service of an existing con- 

SrT^^ 6 roUtin 9 * connections 

qUa "'' y ° f ^ 
handling multiple connections in a call- 

San^ t9arin9 dOW " Se9mentS ° f a connec - 

determining the need for multiple connections in or- ' 

anaflsi T *"* connection ""Wed based on 
anafcsis of user addresses (digit analysis) or the 

CicastL 0 ^" Parame,erS (6 9 - b ^>-tiona" 
multicast that requires mixing of signals). 



so 



2-3.4.2 ATM Connection Management Subsystem 

The ATM Connection Manager Subsystem manag- 
es Connections. Call-Connection Mappings. Routes 
and segments. A Connectbn is defined to be a co^u 
n.catK>n path that interconnect* mutfipl* users/servTs 
ftrouj .switches. It extends between entities where the 

ATM Adaptat.cn Layer ("AAL") is terminated. That is ss 
conne Ctl terminate Qn at s, 

cTr ^ ° n ,hS SWHches *" d '""'fplexors. The 
Call-Connection Mapping function manages the many- 



nect*^^ 

to be .nvofved in the cal. to convert compressed 7,rZ 
terface speech data to a form compatib.e with the^J. 

needs to be .nvolved and. as is advantageously the 

w?,h e ," h p SP ! SCh Hand "' n9 Sub ^em is not co-.oLed 
w t h th e Packet Handljng Subs « 

m.nat,ons are needed. This in turn, implies that muttiple 
connections (VP/VCs) need to be established 7o 2 
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the single connection setup request sent to the ATM 
Connection Management Subsystem by the Call Man- 
agement Subsystem. The use of provisioned VP Seg- 
ments between the Packet Handling Subsystem and 
Speech Handling Subsystems simplifies the ATM Con- 
nection Management Subsystem's task considerably by 
reducing the task to one of only communicating with the 
Channel Managers for the two VP Segments end-points 
to select a VC within this VP Segment to handle the call. 

The above example is illustrated in FIG. 5, where 
CPE A, capable of handling 64 kb/s PCM voice, re- 
questa«a connection*^ wireless- terminate B,- which has- 
an interface for 9.6 kb/s voice. This user request is re- 
alized with three connections. The first one extends be- 
tween CPE A and the processor supporting the Speech 
Handling Subsystem function (identified by AAL a ter- 
minations). The second connection extends between 
the Speech Handling Subsystem and the Packet Han- 
dling Subsystem (identified by AAL b terminations). 
Note that the VP Segment is extended between the AAL 
termination points for this connection. This limits the 
number of points with which the connection manager 
needs to interact with to the two VP Segment end- 
points, i.e., the Packet Handling Subsystem and Speech 
Handling Subsystem. 

The two signaling connections are shown with 
dashed lines in FIG. 5. A few virtual path segments are 
provisioned in advance, for this purpose. At the time of 
a call connection request, only a VCI identifying a virtual 
channel link is selected on any one of these virtual path 
segments. The third connection extends between the 
Packet Handling Subsystem and the radio port (identi- 
fied by AAL c terminations). Again, one VC per wireless 
terminal connection (in each direction) is allocated per 
connection on the provisioned VPSs between these two 
points. The radio port maps packets from this to the spe- 
cific forward traffic channel assigned to the wireless ter- 
minal and vice versa. 

A special connection manager, the Wireless-Wired 
Gateway Connection Management Subsystem, is as- 
signed to handle connections from the Packet Handling 
Subsystem out to the wireless terminal. 

2.3.4.3 Radio Channel Quality Management 
Subsystem 

The Radio Channel Quality Management Subsys- 
tem preferably processes wireless terminal assisted 
hand-off data forwarded to it by the Signaling Message 
Handling Subsystem. When the data suggests the need 
for a hand-off, the Radio Channel Quality Management 
Subsystem commences the hand-off process by con- 
tacting the" Radio Port Channel Management-Subsys- 
tem via a pre-established VP/VC. The Radio Channel 
Quality Management Subsystem also implements for- 
ward and reverse power control algorithms, download- 
ing updated power levels to the radio port over pre-es- 
tablished, dedicated VPA/Cs. 



2.3.4.4 Wireless-Wired Gateway Connection 
Management Subsystem 

The Wireless-Wired Gateway Connection Manage- 
s ment Subsystem is preferably responsible for setting-up 
and tearing-down connections from the Packet Han- 
dling Subsystem out to the wireless terminal. More spe- 
cifically (referring again to FIG. 5), the Wireless-Wired 
Gateway Connection Management Subsystem manag- 
10 es connections between radio ports and Radio Port Mul- 
tiplexing and between Radio Port Multiplexing and 
< Packet>Handling*Subsystem. - 

One instance of the Wireless-Wired Gateway Con- 
nection Management Subsystem is associated with 
is each instance of the Packet Handling Subsystem. The 
Wireless-Wired Gateway Connection Management 
Subsystem interfaces with the Radio Port Channel Man- 
agement Subsystem and ATM Channel Management 
Subsystems to reserve and commit channels and to set- 
20 up VP/VC translation table entries in the units they sup- 
port. It also communicates with the User Signaling Serv- 
er Subsystem to identify the radio port able to commu- 
nicate with the wireless terminal. Once the Wireless- 
Wired Gateway Connection Management Subsystem 
2S knows the identity of the radio port able to serve the wire- 
less terminal and the location of the Packet Handling 
Subsystem assigned by the ATM Connection Manage- 
ment Subsystem to handle the call, it sends a Reserve- 
channel or Commit-channel message, as appropriate, 
30 to the Radio Port Channel Management Subsystem to 
reserve or commit air-interface traffic channel resources 
and and the VPA/Cs betweenthe radio port and the 
Packet Handling Subsystem. Note that it is preferred 
that the VC/VCs are provisioned between the Packet 
35 Handling Subsystem and Radio Port Subsystem, and 
that during connection setup only a VCI on any of these 
provisioned VPSs needs to be picked in each direction. 

2.3.5 Network Management Group of Subsystems 

40 

2.3.5.1 The Billing Subsystem 

The Billing Subsystem preferably collects data from 
other subsystems (e.g., Call Management Subsystem 
45 and Multimedia Multiparty Management Subsystem) to 
track service usage for accounting purposes. 

2.3.5.2 Security Subsystem 

so The duties of the Security Subsystem preferably in- 
clude: 

* • prcrcessing authenticate 

AUTHR) appended to Registration and Origination 
55 messages, 

• computing signaling message encryption keys, and 

• generating privacy masks (if applicable). 
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2.3.5.3 ATM Network Management Subsystem 
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The ATM Network Management Subsystem helps 
operate and maintain the backbone portion of the net- 
work. This includes instances of the Speech Handling s 
Subsystem, the Call Management Subsystem, the ATM 
Connection Management Subsystem, the Configuration 
and Location Management Subsystem and the Channel 
Management Subsystem. The ATM Network Manage- 
ment Subsystem is not responsible for maintaining sub- w 
systems unique to wireless access. The ATM Network 

Pie, the Radio Port or the Radio Port Channel Manage- 
men Subsystem: As described in the next section 

J?" 8 * 18 arS inStead su PP°rted by the Wire- is 
less-W.red Gateway Network Management Subsystem 
The ATM Network Management Subsystem per- 
forms performance monitoring, fault management and 
configuration management. It keeps track of changes in 
network topology. The ATM Network Management Sub- 20 
^ determhes the number and attributes of 
VP/VCs between Network Elements. It also computes 
the routing tables used by the ATM Connection Man- 
agement Subsystem to establish VP/VCs between net- 
work elements. In generating these tables the attributes 2s 
of the connection as well as its endpoints are consid- 
aTi h * attributes inc '«de bandwidth, priority class, 
AAL type for VCCs to be carried within a VPS and ex- 
plicit routing information (e.g., intermediate nodes) The 
ATM Connection Management Subsystem in turn uses 30 
this information to initialize translation tables at cross- 
connects and ATM switches to provision the VP/VCs 
The ATM Network Management Subsystem will also be 
responsible for computing and downloading routing ta- 
bles to the ATM Connection Management Subsystem 3s 
for use in establishing switched VP/VCs if and when the 
need for these types of connections arises 

The data supporting ATM Network Management 
Subsystem fault and configuration management func- 

u ™frK dfr ° mOA&Mchanne, P erfomiance ^eas- 40 
urements. When necessary, the ATM Network Manage- 
mentSubsystem and Wireless-Wired Gateway Network 
Management Subsystems coordinate their activities via 
messages exchanged over pre-established VPCs 
Communication of this sort is required, for example to 45 
establish the VPSs used to support new radio pTn s 



Radio Port Channel Management Subsystem and the 
Wireless-Wired Gateway Connection Management 
Subsystem. Us duties preferably include performance 
momtonng, fault management and routing table compu 
tation and updating. pu 
The latter function, routing table computation and 
updating, is invoked whenever a component is added or 
removed from the network. When a radio port is added 
to he system, for example, it is the Wireless-Wired 

suriT/n e,W ° rk Mana 9 eme "< Subsystem that as 
surnes the responsibility for creating the VPCs, VPSs 

thf.n , ne,W ° rk e ' ements - This involves computing 
^optimal route for each connection and sending pro 
visioning messages to the Wireless-Wired Gateway 
nZhf ? Mana98ment Subsvst em identifying the 
tTt l C,rCU,,S t0 b6 added ' tneir endpoints and at 
U.butes. The attributes include bandwidth, priority treat- 

nSirS . H eed6d ' information on any intermediate 
T V aSt " hand -° ff Procedures are to be supported 

Subsv '[ 6SS " Wired ° ateWay Network ^nagemen 
coordinate the assignment of 
VP/VC identifiers for fast hand-off. 

In addition to establishing the VPC/VCCs used to 
transport user data, the Wireless-Wired Gateway Net- 
work Management Subsystem is also responsible for 
provisioning the dedicated VP/VCs used to carry access 

H?nT rr 968 10 th9 C ° ntro ' Channel ^sage 
rldCo'rts U e.^ em • ^ Chann6 ' data "° 

Subsy T rtems P,iCati ° nS 8 * rWte " Gr ° Up ° f 
2.3.6.1 Speech Handling Subsystem 

tr»„^- Sp l eCh Handling Subs y s tem provides speech 
transocdingbetweenthecompressedspeechusedover 
the air-interface and PCM used in the PSTN Echo can- 
cellation may also be implemented here. 

2.3 6.2 Multimedia Multiparty Management 
Subsystem ■ • a. 



2.3.5.4 Wireless-Wired Gateway Network 
Management Subsystem 



so 



The Wireless-Wired Gateway Network Manage- 
ment Subsystem is preferably responsible for maintain- 
ing ttre portion of the" network directly supporting the - 
wireless terminalenvironment. More specifically, it looks 

Radio Port Multiplexing, the Packet Handling Subsys- 

C^^ naUn9 MeSSa9e Handlin 9 System, the 
Control Channel Message Handling Subsystem the 



tPml 6dia Mm P a «V Management Subsys- 

l S Se,Vice - s P ec ^ processing to handle mul- 
"media multiparty calls between user end points It han- 
dtes negotiations with user end-points to determine their 

r' eriStiCS - 11 then rec < uests connections 
withbandwidth and Quality of Service attributes needed 
to mee the requirements of the service. Requests for 

Zl^Z S Z e C ° nVeyed 10 thS A ™ Connection Man- 
agement Sobsystem-v.-a the Calf Mahagement-Subsys. 

Z'J fJ WS Ca " Mana 9*ment SubsystemTo 
perform additional feature management (if required) be- 
fore requestmg connections from the ATM Connection 

^ST^^^ ThS MuHimedia M»«IpS 
Management Subsystem also interacts with the ailing 
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subsystem to track service usage for accounting pur- 
poses. 

2.6.3 Packet Data Handling Subsystem 

The Packet Data Handling Subsystem terminates 
the AAL used at the Packet Handling Subsystem to sup- 
port packet data. It also implements the link layer and/or 
transport layer recovery procedures for packets trans- 
mitted and received over the air-interface and supports 
interworking with the public packet data network. 

2.3.6.4 Circuit-Switched Data Handling Subsystem 

The Circuit-Switched Data Handling Subsystem 
preferably implements link layer functions and recovery 
strategies for the air-interface. If needed, it also termi- 
nates the transport layer for the air-interface and initiate 
a new one for the land network. 

2.3.6.5 SS7 Message Handling Subsystem 

The SS7 Message Handling Subsystem preferably 
terminates the Message Transfer Part and Signaling 
Connection Control Part portions of the SS7 protocol 
stack. Higher layer protocols are terminated elsewhere 
in the system. The ISDN User Part and the IS-41 Mobile 
Application Part protocols, for example, are terminated 
by functions in the Call Management Subsystem. 

2.3.6.6 Fax Handling Subsystem 

The Fax Handling Subsystem functions in essen- 
tially the same way as the Packet and Circuit-Switched 
Data Handling subsystems. That is, it terminates air-in- 
terface link layer functions, supports the re-establish- 
ment of failed links and provides any interworking with 
the land network needed to establish and maintain the 
end-to-end transfer of data. 

2.3.6.7 Message Services Subsystem 

This Subsystem is responsible for any service-spe- 
cific processing associated with the handling and deliv- 
ery of e-mail, voice-mail, short message service and 
paging traffic. 

2.3.6.8 Video Services Subsystem 

The Video Services Subsystem is responsible for 
the processing associated specifically with video serv- 
ices, in all its forms. Several different subsystems may 
be established for different types of video and image 
services. 

3. Pedagogical Scenarios 

This section discusses three typical call scenarios 
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from the perspective of message flow. This facilitates an 
understanding of the interaction between subsystems 
during registrations and call setups. It should be under- 
stood that the message flows and/or primitive exchang- 
s es described in this section are between subsystems 
and can be, but are not necessarily, between hardware 
platforms. 

3.1 Registration at Power Up 

w 

The flow of information during a typical power-up 
registration^illusti^echin^RG* esjAA/heFra^wtFeless^er-^* 
minal is turned on, it locates and locks onto a paging 
channel. Once synchronized, it begins to acquire sys- 
15 tern parameters. Of particular interest here is the param- 
eter indicating whether or not power-up registration is 
required. If it is, the wireless terminal generates a Reg- 
istration message and sends it to the radio port via the 
access channel. The radio port forwards the Registra- 
20 tion message to the Control Channel Message Handling 
Subsystem over a pre-established VP/VC. The Regis- 
tration message contains the MIN, ESN, user-specific 
data, together with information used by the media ac- 
cess control ("MAC") algorithms of the access channel. 
2S The user-specific data includes the value of the 
MOB_TERM parameter indicating the willingness of the 
subscriberto accept incoming calls. Other user-specific 
data (e.g., mobility indexes, terminal capabilites) may 
be included in the Registration message in the future. 
30 The Control Channel Message Handling Subsys- 
tem processes the Registration message and invokes a 
MOB_REG operation in the serving Configuration and 
Location Management Subsystem. The MOB_REG in- 
vocation contains the MIN, ESN, user-specific data, and 
35 the identity of the Control Channel Message Handling 
Subsystem able to communicate with the wireless ter- 
minal. The serving Configuration and Location Manage- 
ment Subsystem processes the MOB_REG invocation 
and assigns a User Signaling Server Subsystem, ATM 
40 Connection Management Subsystem and Wireless- 
Wired Gateway Connection Management Subsystem. 
The serving Configuration and Location Management 
Subsystem initiates a User Process on the User Sign- 
aling Server Subsystem it selected via an 
45 iNST_USER_PROCESS invocation. This invocation 
contains the user-specific data included in the 
MOB_REG invocation. If the wireless terminal is in its 
home network and is in one of its predesignated zones, 
the invocation also includes a list of zones which are to 
50 be maintained in the wireless terminal's zone list, and a 
list of Control Channel Message Handling Subsystems 
that are associated with the zones on the list. If the wire- 
less terminal is not in borne* system, or is in* its home 
system but not in one of its predesignated zones, the 
55 (NST_USER_PROCESS invocation only includes a list 
of the Control Channel Message Handling Subsystems 
associated with the zone in which the user currently is 
located. 
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A Call Management Subsystem is assigned to the 
w.reless termina. once the User Process has been initi 
ated. Two cases are considered here. The first pertains 
ow.reless terminals operating in their home system In 
this case, the serving Configuration and LocatL Man- 
agement Subsystem uses the Call Management Sub- 
system ass.gned to the user when it was activated If 
jn constrast. the wire.ess termina. is not in its homo sy - 
ten the serving Configuration and Location Manage- 
ment Subsystem identifies the wireless terminal's 

syr m rs ion a * nd Location Mana 9—"sl! 

system (-H Conf,gu ra tion<a^-fe^ H ,Marr a ge m ent - 
Subsystem") from its MIN and sends it a MOB SIS 

rT a !S'/ h l inVOCati0n inC,Udes ,he wireless TermT- 
nal s MIN together with the location of the User Process 
and.s delivered via a pre-established signaling VPA/C 
Note hat User Signa.ing Server Subsystems havICS 
onir^ ,0 ^9-ation and 

1SZ 9emen ' Subsystems of all systems with 
which the serving system has a business arrangement 

, Jtt f L at6S ,he 0386 in Which ,he wire 'ess terminal 
is not in its home system. 

oM^f P « aSS °' the re 9 ,stra «°" process is com- 
£jLT e COn / ,9Urati ° n *" d ^tion Management 
Subsystems ,n both networks update other subsystems 
wrthm their networks via a series of UPDATE messages 

and r n9 M etWOrk ' f ° r eXamp,e > the Configuration 
and Location Management Subsystem contacts all of 
he Control Channel Message Handling Subsystems * 
me zone m which the wire.ess termina 9 . is curCj ,o- 
cated .nform.ng them in particular of the address of the 
User Process serving the wireless termina.. If the wire 
less termmal registered in one of its predesigned 

neTl'" ^ ^ netW ° rk ' th6n 3,1 of Controchan 
nel Message Handling Subsystems associated with all 
the zonesm the wireless terminal's zone list are upda - 

Soe c d . S ° th3t <he C ° ntro ' Cha ™*' Mes- 

R?I,S " n9 Subs V slem forward subsequent 
Reg.strat.on messages as well as Origination messaaes 
directly to the User Process. messages 

™ T ^\ se,vin 9 Configuration and Location Manage- 
ment Subsystem also updates the semng ATM C^nnec- 
fcon Management Subsystem with the address of , he 
Wireless-Wired Gateway Connection Manager^ 
Subsystem assigned the wireless terminal. This is done 
to ensure that the ATM Connection Management Sub 

C^^T 3 C ° rreCt W ^sss-Wired Ga ewav 
Connects Management Subsystem if and when it be 
comes necessary toestablish a connection between the 
wiretess termina. and the land network. Fina.ly.7he se^ 
ng Configuration and Location Managemen Subsys- 
tem preferably updates the Wire.ess Wired Galewav 
Connection Ma^r^^^S 

its Usl P Wr 6SS teM - 38 We " as the '^tion of 
its User Process. The Wireless-Wired Gateway Con 
n-ctjon Management Subsystem uses the User pZ 
ess location information as described in Sections T 2 
and 3.3 , 0 establlsn tne Packet 
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radio port portion of a connection 

tinn m h0me netWOrk ' the Configuration and Loca- 
tovManagemen, Subsystem updates the Call ManSe- 

s ^ The Sm ^ M ' N 3nd Us6r P «*ess, Sa- 
me lo^ l!t ?? 6ment Sub W™ needs to know 

me location of the User Proc^<:<; cn thot ^ 

f L ,, ^ riuoess so that it can contort 

c2ed S the r SrM With Ca,, ° rservi - ^-sts. Once u P 
ut Pr p i Mana 9 ement Subsystem contacts the 
10 £ er t . Pro ?« 8 *ractly with a SIGNALING WAKEUP in 
vocation to inform the User Process thatlt now has an 

" tTr T hfri ,ink W,,h 3 Ca " ^nagemeTsubsys 
£m. The- wireless- terminals ^ re me re* a *L« 



is 



3.2 Wireless Terminal Originated Calls 



The information flowfor a wireless terminal oriainat 

tt ts! Sh °T in 7 - ' n thiS exam P' e - c°oT ider 
the case ,n which a Speech Handling Subsystem is 
needed to convert compressed speech from Ts a^in 
erfaceto 64 -Ktps PCM. We a.soassume thaUhe^i e 
less termmal is not in its home system 

P T eSS StartS Wnen tne wire| ess terminal qen- 

Z^o"^ T rse contro1 (access cha ™°«). 

ine rad.o port forwards the message to the Control 
Channe. Message Handling Subsystem whfch fn t u r n 

2:T^ ser Process of the te^;^s de : 

30 Z £ . SSrV,Ce by sendin 9 « a MOB ORIG mes- 
» sage. The MOB_OR.G message c^nteinslhe wTreTess 

terminal's .dentity as well as the identity of the raTo Lort 
the wireless termina. accessed. The ffiSST 

rET^p'cALL 08 - 0 ™ 6 inVOCati ° n and a 
35 ZT U - CALL operation in the wire.ess terminal's Call 

idJnToHhe S ?r em - Th,S inVOCation ^ 
'dentrty of the called party and an embedded request for 

a connection to the called party. 9 
tem Hl e n Wirel . 8S ? terminal ' s c a» Management Subsys- 

whether or rw .k SE 7 P - CALL message to determine 
cW inn ,?f L 6 Ca " ed party is wi,,in 9 to accept the 
Sub S' le '' the Wire,ess termina «'s Call Management 
Subsystem quer.es its H-Configuration and Location 

- nlcTon 6 ^ SUbSySt6m l ° O*™™ tne ATM^on- 
the call To «nT n l SUbSyStem best able to "andle 
me can. to do th.s, the ^Configuration and Location 
Management Subsystem contacts the serving cSfiqu 
^D^MoT™ Mana ^— Subsystem °wl g a 
» sloe ( rl H r " Mana9ement Subsystem) mes- 
Subsvsim r I? 0 ' 31 ' 0 " and Loca,ion Management 
Vol > 7n« , thS infofma tion in the Configura- 

tion and Location Management Subsystem's response 

& Z , £ loS Mana 9ement Subsystem receives a pos- 

Sub s ^, P i r0m thS Ca " ed part y' s Call Management 
Subsystem ind.cating that the called party is willino to 
accept the call and the identity of the ATM LnnZv* 
Management Subsystem in the serving networks 
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been established, the connection establishment phase 
is entered. Note that for wireless terminals operating in 
their home systems there is no distinction between 
Home and serving Configuration and Location Manage- 
ment Subsystems. 

The connection establishment phase commences 
with the Call Management Subsystem invoking a a 
SETUP_CONNECTION operation in the serving ATM 
Connection Management Subsystem. The invocation 
includes the MIN of the calling party and the address of 
the called party. The serving ATM Connection Manage- 
ment Subsystem associates the^vUNofrthe calling party* 
with a Wireless-Wired Gateway Connection Manage- 
ment Subsystem and sends it a SETUP_CONNECTION 
message. The invocation includes the MIN of the calling 
party. In parallel, the serving ATM Connection Manage- 
ment Subsystem routes a segment from the point-of- 
presence of the land network to the Speech Handling 
Subsystem assigned by the serving ATM Connection 
Management Subsystem to handle the call. The serving 
ATM Connection Management Subsystem also invokes 
a SETUP_SEGMENT operation in the land network 
ATM Connection Management Subsystem serving the 
point-of-presence requesting that it establish a segment 
between the point-of-presence and the called party. 

As discussed above, the Wireless-Wired Gateway 
Connection Management Subsystem is responsible for 
establishing the portion of the connection between the 
radio port serving the wireless terminal and the Packet 
Handling Subsystem. This amounts to selecting one of 
the pre-established VPSA/CSs. To determine the radio 
port best able to handle the call, the Wireless-Wired 
Gateway Connection Management Subsystem queries 
the User Process with a FIND(radio port) message. 
When it receives a response, the Wireless-Wired Gate- 
way Connection Management Subsystem commands 
both the Radio Port Channel Management Subsystem 
associated with the radio port and the ATM Channel 
Management Subsystem supporting the Packet Han- 
dling Subsystem assigned by the Wireless-Wired Gate- 
way Connection Management Subsystem to handle the 
call, to reserve and commit channels. This effectively 
establishes a connection between the wireless terminal 
and the Packet Handling Subsystem. The Wireless- 
Wired Gateway Connection Management Subsystem 
then responds to the SETUP_CONNECT!ON request 
from the serving ATM Connection Management Subsys- 
tem, informing it that a connection terminating on the 
Packet Handling Subsystem identified in the response 
has been established. At this time the Wireless-Wired 
Gateway Connection Management Subsystem updates 
the User Process and Signaling Message Handling 
Subsystem (normally co-located with the Packet Han- 
dling Subsystem) as to each others location so that they 
may exchange in-call signaling messages. 

The serving ATM Connection Management Sub- 
system then establishes a connection between the 
Speech Handling Subsystem and the Packet Handling 



Subsystem. Recall that the serving ATM Connection 
Management Subsystem has already committed chan- 
nels from the point-of-presence to the Speech Handling 
Subsystem. This is done by reserving and committing 
s channels from the Speech Handling Subsystem to the 
Packet Handling Subsystem, through perhaps one (or 
several) ATM switch(s). 

Once the ATM Connection Management Subsys- 
tem in the land network has completed establishing its 
10 segment, an end-to-end connection exists. The end-to- 
end connection consists of a connection between the 
* land terminal and the Speech Handling . Subsystems a * * 
connection between the Speech Handling Subsystem 
and a Packet Handling Subsystem, and a connection 
is between the Packet Handling Subsystem and the radio 
port. Once the serving ATM Connection Management 
Subsystem ascertains that the end-to-end connection 
does intact exist, it notifies the Wireless-Wired Gateway 
Connection Management Subsystem which, in turn, in- 
20 vokes a SETUP_VCC_END POINT operation in the Sig- 
naling Message Handling Subsystem. The Signaling 
Message Handling Subsystem translates this operation 
into an Alert With Information message which is sent to 
the wireless terminal on the traffic channel. This initiates 
25 ring-back in the wireless terminal and, optionally, in- 
structs the wireless terminal how to map an incoming 
channel with a connection request. The latter is required 
when a wireless terminal has multiple active connec- 
tions. 

30 

3.3 Wireless Terminal Terminated Calls 

The flow of information during the establishment of 
a wireless terminal terminated call is depicted in FIG. 8. 

35 Once again it is assumed that a Speech Handling Sub- 
system is required and that the wireless terminal is not 
in its home system. For our purposes, the process be- 
gins when the Call Management Subsystem of the call- 
ing party contacts the wireless terminal's Call Manage- 

40 ment Subsystem, requesting it to invoke any implicit 
services activated by the wireless terminal subscriber. 
The wireless terminal's Call Management Subsystem 
offers the call directly to the User Process via an 
OFFER_CALL message. 

45 The User Process replies positively to this request, 
indicating that it can accept the call. In parallel, the Call 
Management Subsystem for the calling party queries 
the wireless terminal's H_Configuratbn and Location 
Management Subsystem to determine the ATM Con- 

so nection Management Subsystem to be used by the serv- 
ing system to service the call and the point-of-presence 
through which connections to the wireless terminal are 
ter be routed: The H Cbnfrgu ration* and- location Man-- 
agement Subsystem does not store this information lo- 
ss cally and thus queries the serving Configuration and Lo- 
cation Management Subsystem. This is done via a FIND 
(ATM Connection Management Subsystem) message. 
When the serving Configuration and Location Man- 
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agement Subsystem replies to this message, the 
H Conf.gumt.on and Location Management Subsystem 
n turn repl.es to the request of the calling party's Call 
Management Subsystem. When the Call Management 
Sub S y Stem serving the calling party has also received 
an ind.cat.on that the call has been accepted the call 
phase is considered complete. 

The connection phase commences when the ATM 
Connect, on Management Subsystem serving the calling 

.n the n ATMr T " SETUP - SEG ^NT operation 
n the ATM Connection Management Subsystem serv- 
m9*owirele88 terminal, The-^ETUP^SEGMEMTmes 
sage contains the MIN of the called party and the point- 
of- P resence through which the connection must be rout- 
ed. The ATM Connection Management Subsystem 
serving the wireless terminal associates the MIN with a 
W.re.ess-W.red Gateway Connection Management 
Subsystem and invokes within it a SETUP CONNEC- 
TION operation. In the mean time, the ATM Connection 
Managemem Subsystem serving the wireless terminal 

S D ^hH S T em fr ° m the P oi "t-of-presence to a 
Speech Handling Subsystem. 

The Wireless-Wired Gateway Connection Manage- 
ment Subsystem associates the MIN with a User Proc- 
ess and queries the User Process to find the radio port 
able to communicate with the wireless terminal. This is 
done V ,aaFIND(radbport)message. The UserProcess 

£nL? h V h, ' S , ' n,0rmati0 ' 1 s, °'ed and thus 

pages the w.reless terminal. The paging process is ear- 
ned out via the Control Channel Message HandHng Sub- 
.ste red "Sh r ^ ,he wi ^'ess terminal last reg- 
istered When the w.reless terminal responds to the 
page, the Control Channel Message Handling Subsys- 
tem processing the response forwards the identity of the 
rad,o port that received it to the User Process. The User 
Process in turn reports the identity of the radio port to 

Su^ysfir ^ Ga,8Way C ° nneCti0n Ma -9°-nt 

J?K Wire , leSS " Wired Gatewa y Connection Manage- 
ment Subsystem then instructs the Radio Port Channel 
Management Subsystem and the ATM Channel Man- 
agement Subsystem supporting the Packet Handling 
Subsystem ass.gned to handle the call to reserve and 

H^ a rK melbetWeentneradio P ortand, n e ^cket 
Handhng Subsystem. This effectively establishes a con- 
nect.on from the wireless terminal to the Packet Han- 
dl.ng Subsystem. The Wireless-Wired Gateway Con- 
nection Management Subsystem then replies to th* 

t?o E n T M P - CONNECTI ° N reqU6St Uom the A™ Conn c 
t.on Management Subsystem serving the wireless ter- 
m.nal. Once the ATM Connection Management Subsys- 

teM^. 9 ^! J? 6leSS term, ' nal kn ° WS tne ,ocati °n of 
he Packet HaTndling Subsystem-assigned 6y trte Wfre- 

^ h S atPWay C ° nneC,i0n Ma nfgement Subsys- 
tem to handle the call it establishes a connection be- 
tween the Speech Handling Subsystem and Packet 

SERVE&COMMIT message to the ATM Channel Man- 
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agement Subsystems supporting them. At this point the 
ATM Connect.cn Management Subsystem sending the 
w^'ess terminal replies to the SETUP SEGMENT 
s SublT SSnt by ,he A ™ C °™ection Management 

neZnT, ^T 9 ,he CaMin9 P3rty at the ste * the con- 
nection establishment phase 

lish JJT *'!Lt KMo ^ nd melton has been estab- 
se^'athL I Connection ^agement Subsystem 

theATMConnecHonManagementSubsystemsenyinqthe 

ment Subsystem .nvokes a SETUP.VCC ENDPOINT 

ZtSSs? L 6 S '' 9na,in9 M6SSa9e H ^>-9 Subsystem 
soSf bGtWeen the connection and a 

dMn^?K reqU6St - The Si 9 na,ina message Han- 
dling Subsystem transtates this invocation into an A?ert 
Wrth Informat.on message which is senttothe user on he 
2? TT t0 hStmCt the Wire,ess te ™™' to iS he 

leTxoT " Ser anSWSrS ' 3 Connect °rde iJ 

sent to the rad.o port on the reverse traffic channel The 

thES dlin9 SUbSySt6m the radi ° P«t routes 

W.red Gateway Connection Management Subsystem 



30 



35 



4. Network Elements 

svsJm! h 316 ? in th ' S S9Ction desc "bes how the sub- 
systems described in Section 2 are preferably grouped 
.nto network elements in accordance with the exempt 
embedment. As illustrated in FIG. 9. eight units are 



. • RF Distribution Unit 901; 

• Packet Processing Complex 903- 

• Narrowband Interworking Unit 90S- 

• ATM Switch 907; 
40 • Wireless Control' Complex 91V 

• Wired Network Control Complex 91 3 

• Application Sen/er Complex 915- and 

• Network Management 917 

45 4.1 rf Distribution Unit 



dioonrt D,St '' bUt,0n Unit 901 Preferably comprises: ra- 
T multi P |e *°rs and "landiine" facilities. 
so ^ t d '?r Sa adiOPOrtmU,tip,exorsma y be ^anged 
11 r r si 0 ' meSh Confi 9 ura «°ns, as dictated by cost 
and retebilrty targets as well as the availability oHaci.i- 

55 SI £ ° 31 3 one - to -<™ correspondence be- 
^een the ,nd.v,dual functional blocks and physical prcl 
-sors ,s neither implied nor warranted "aLu^e 

a'he abLv r ai,ab,e teChn °'° 9y °' ^"ements •«* 
as the abilrty to support a variety of air-interfaces and/or 
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digital facilities interfaces might lead to such a design. 
FIGs. 20, 21 and 22 depict typical configurations for the 
RF Distribution Network. 

4.2 Packet Processing Complex 

As depicted in FIG. 11 , Packet Processing Complex 
903 preferably comprises: one or more packet handlers 
1 103, which separate signaling from voice, one or more 
signal message handlers 1111 to terminate the air inter- 
face signaling protocol, one or more radio channel man- 
agers- 1105, which -process- radio*channe* quality data^ 
from the wireless terminals and/or the radio port, ATM 
channel manager 1109, which handlers VP/VC transla- 
tion tables at the network elements, and switch 1101, all 
interconnected as shown. Depending on the particular 
application, switch 1101 could be a LAN, microswitch or 
macroswitch. In any case, all but the smallest of systems 
would likely have multiple packet processing complex- 
es, each serving several radio ports. For very small sys- 
tems a single hardware platform housing this functional 
block might suffice. 

4.3 Narrowband Interworking Unit 

The preferred role of Narrowband Interworking Unit 
905 is to convert the low bit rate coded speech carried 
throughout the wireless network and across the air-in- 
terface into a form compatible with the narrowband land 
network (e.g., PSTN). To this end, as illustrated in FIG. 
12, Network Interface Unit 905 preferably comprises: 
one or more speech handlers 1203, which perform 
speech transcoding, ATM channel changer 1 205, which 
handles VP/VC translation tables, one or more facilities 
interface 1207, which terminates digital facilities, nar- 
rowband switch 1209, which interfaces to the narrow- 
band network and switch 1201, all interconnected as 
shown. Depending on the particular application, switch 
1201 could be a LAN, microswitch or macroswitch. lUs 
preferred that hardware platforms supporting Narrow- 
band Interworking blocks will be located as close as pos- 
sible to narrowband network interface points so as to 
maximize the savings associated with transporting com- 
pressed speech and to minimize access charges. 

4.4 ATM Switch 

ATM Switch 907 is preferably an off-the-shelf ATM 
switch, which is available from several manufacturers. 
The features normally associated with contemporary 
switches, e.g., AT&T's 5ESS® switch, are advanta- 
geously moved to Wired Network Control Complex 91 3 
and Application Servef Complex £15\ This not only en- 
ables the architecture to be scalable, but also facilitates 
the development and introduction of new features in a 
multi-vendor environment. Note that it is not necessary 
that ATM Switch 907 can support both wireless and 
wireline services. 



4.5 Wireless Control Complex 

As shown in FIG. 13, Wireless Control Complex 911 
preferably comprises: one or more Control Channel 
Message Handlers 1301, one or more Wireless-Wired 
Gateway Connection Managers 1305, one or more Ra- 
dio Port Channel Managers 1 307, one or more User 
Process/User Signaling Servers 1309, ATM Channel 
Manager 1311 and switch 1301, all interconnected as 
shown. 

The Control Channel Message Handlers 1301 are 
preferably the^embodiment €>f the-6ontrot Channel Mes- 
sage Handling Subsystem and act as signaling fixed- 
points for wireless terminals that are active in the system 
is but not engaged in a call. The Wireless-Wired Gateway 
Connection Mangers 1305 are preferably the embodi- 
ment of the Wireless-Wired Gateway Connection Man- 
agement Subsystem and establish the routes between 
wireless network elements such as Speech Handlers 
20 1 203 and the Packet Handlers 1 1 03. 

The Radio Port Channel Managers 1 307 are pref- 
erably the embodiment of the Radio Port Channel Man- 
agement Subsystem and manage RF resources and act 
as ATM channel managers for the radio ports they sup- 
25 port. The User Process/User Signaling Servers 1309 
are preferably the embodiment of the User Signaling 
Server Subsystem and represent wireless terminals in 
negotiations with the network concerning the service(s) 
to be provided. Depending on the particular application, 
30 switch 1301 could be a LAN, microswitch or macros- 
witch. The ATM Channel Manager 1311 handles the 
VP/CP translates tables for the Wireless Control Com- 
plex. 

It is preferred that each Wireless Control Complex 
35 911 preferably support multiple RF Distribution Units, 
Packet Processing Complexes and Narrowband Inter- 
working Units. 

4.6 Wired Network Control Complex 

40 

As shown in FIG. 14, Wired Network Control Com- 
plex 913 preferably comprises: one or more Ca|l Man- 
agers 1403, one or more SS7 Message Handlers 1405 
(and associated SS7 Signaling Transport Point 1407), 

45 Billing Handler 1409, Configuration and Location Man- 
ager 1411, Connection Manager 1413, ATM Channel 
Manager 1 41 5, Authentication Handler 1417 and switch 
1401, interconnected as shown. 

Call Managers 1403 preferably embody the Call 

50 Management Subsystem, SS7 Message Handlers 1 405 
preferably embody the SS7 Message Handling Subsys- 
tem, SS7 Signaling Transport Point, Billing Handler 
1409 preferably e7Tibc<iTes the^ Bilfrrrg Subsystem, Con- 
figuration and Location Manager 1411 preferably em- 

55 bodies the Configuration and Location Management 
Subsystem, Connection Manager 1413 preferably em- 
bodies the Connection Management Subsystem, ATM 
Channel Manager 1415 preferably embodies the ATM 
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S«nril^i^ 7 T^ SUbSyStem and authentication 
Handter 1 41 7 preferably embodies the Security Subsys- 

Dep ,^ d,n9 on the Particular application, switch 
1 401 could be a LAN. microswitch or macroswitch 

From a functional perspective, Wired Network Con- 
trol Complex 91 3 preferably provides: 

• call processing; 

• the allocation of wireless network control resources 
with the help of the Configuration and Location 
Management Subsystem: 

- network-level routing'rwithr the^ ATM' Connection - 
Management Subsystem; 

• the generation of billing records with the Billinq sub- 
system; a 

• f^f^o and/ ° r Wire,ess terminal authentication 
with the Security Subsystem; and 

• interfaces to signaling networks such as SS7 via 
specialized handlers that terminate physical, link 
and possibly network and transport layers. 
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plex 917 preferably comprises: Wireless-Wired Gate 

£ th^ Man39er 1603 (WhiCh P-'e-blylmS. 
.es the W.reless-Wired Gateway Network Management 
Subsystem). ATM Network Manager 1605 (whbh pref 

s^ATM S ^ T N6tWOrk ManajiS si 
2m l'„ , hanne ' Mana98r 1 607 ' and ATM switch 
2 2,>„?i ,nte, i connected a « shown. Depending on the 
particular a PP | lca tion, switch 1601 could be a LAN mi- 
croswitch or macroswitch 

70 

S. Hand-Off Management 



fre HkeTv T embodi ™nts of the present invention 
are likely to comprise only one Wired Network Control 
Complex it .s preferred that particular attention be paid 
to the rel.ability aspects of prospective platforms sup- 
porting this complex. 

4.7 Application Server Complex 

lev fi | A nflT° n . Sen/er COmP ' eX 915 er *> vs the s ame 
level of abstraction in the architecture as the Wired Net- 
work Control Complex 913. but. as the name suggests 
the functions provided by Application Server Complex 
915 are > service-specific in contrast to those in the Wired 
Network Control Complex 913. which tend to be mo 

o 9 .ex e 5T, Ref r ri ^ t0 RG - 15> APP'^on Server Com- 
mZ^u Z V COm P rises ons « more Multimedia 
Mult party Managers 1503 (which preferably embody 
the Mult.med.a Mulitparty Management Subsystem) 
Vrteo Server 1 505 (which preferably embodies the Vi d- 

rnpn u C6 i SyStem) ' A ™ Channel Man a 9 er 1507. 
CDPD Hand.er 1509 and Data Handler 151 3 (which tc^ 
gether embody the Packet Data Handling Subsystem) 
Message Service Hand.er 1511 (which embodies the 

rwht S h 9e ?r iCSS Subsvstem >. ^ Handler 1515 
(which embodies the Fax Handling Subsystem) and 
switch 1501. all interconnected as shown'oependlng 
°n the particular application, switch 1501 could be a 
LAN, microswitch or macroswitch. 

Note that the call processing associated with a giv- 
en application can be moved from Application Server 
Complex 915 to Call Managers 1403 in Wired Network 
Con, rol Complex 91 3>heh the servico -matures" or ff 
performance becomes an issue. 

4.8 Network Management Complex 

Referring to FIG. 16. Network Management Com- 



fnrrnH 30 ^" ' S 3 pr °° eSS ° f chan 9'"ng the route of in- 

" SlTnt OW, ° and/ ° rfrom tha terminal to a 

wed po ,nt (e.g., a radio port) to enhance the quality of 

mLr*- " tranSP ° rt> ° r 10 aV ° id ^9radation q o, 1°! 
« " Sp0rtqua,it y ^ultingfrommobilityorchang- 

tmm h» H er6nCe PattemS - Add «'ona..y, spread spec- 

" ouTes h.f 'T* 0 * 5 (e g ' CDMA > enable ™<«Ple 
routes between the wireless terminal and a fixed point 

<n the network to coexist simultaneously for the purpose 

of proving a better information transport quaEtyKn 

poss.ble on any one route alone. 

2S milt * " h T d , hand "° ff " iS 3 hand -° ff that se *s up a new 
Zl Th 7 S I COncurrent V tears down the o'd rouJ 
When a hand-off adds a net route without almost con 

"sofTr V tea . rinQ ^ ^ °' d r ° U,e > « W 
sectors ^r 6 "" 0 " ^" 80 ^^- 0 "" 1 - 01 ^^ 
sectors of the same radio port. When diversity routes 

In the exemplary embodiment, the Frame Selector 
(not shown) is part of Packet Hand.er 1103 Furth e ° 

SeT/w^ 6 eXemP ' ary embodi -ent. each Packet Han- 
dler (wrth assocated Frame Selector) preferably sue* 

E Z T T°r ns throU9h rad '° port 

picked advantageous because it enables each 

40 So oo^ b o the f ' Xed P ° int ,or a c °"°«™ of 

radio ports. When a Packet Handler is the fixed point for 

a collect^ of radio ports, each radio port in the col.ee- 
t-on * said to be "associated" with the Packet Hand.er 
ATM network 907 enables any radio port in RF Dis- 
- SSK Unlt 901 ,0 r6aCh ^ Packe < HandleViioJ 
ESlZZ** radi ° ^ iS "~— ™ 

radto^m 8 T W °' d r ° UteS ° f 8 hand -° ff «™>lve 
H«nH, P 1 8 " associa ted with a single Packet 

so b. 8 H I' t J en 3 ■ faSt hand -° ff ° «» advantageously ena 
b ed. which w,.l be discussed in detail below. On the o"h- 

vo^d " °' d ™ tes of a hand-off L- 

ES^fiT" I?* aSS ° Ciated ^ m ° re than — 
reached ^ b T d l er, anmherespect ^PacRet Handlers are 

« switched ? h reS . P f ° t,Ve radi ° ports via d '«^«nt ATM 
rn 1- ! 3 S ' OW hand -° ff " advantageously oc- 
curs wh.ch will be discussed in detail below 

v ™ rel6SS aCC6SS ,echnol °gies that do not use di- 
verse a,r routes (e.g.. AMPS, IS-54 TDMA) in contrast 
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to those that do (e.g., IS-95 CDMA) preferably employ 
"hard hand-offs." A hard hand-off can be, in addition, 
characterized as either fast or slow. Wireless access 
technologies that do use diverse air routes (e.g., IS-95 
CDMA) preferably employ "soft hand-offs" through the 
use of a Frame Selector (and associated Packet Han- 
dler). A soft hand-off can be, in addition, characterized 
as either fast or slow depending on whether the ger- 
mane radio ports share a common Packet Handler. Hard 
hand-offs are additionally advantageously used in cas- 
es when there is a resource shortage and when the 
handHDff involves different' access technologies (e.g., 
CDMA and AMPS). 

The exemplary embodiment supports hard hand- 
offs (both fast and slow) and soft hand-offs (both fast 
and slow). The exemplary embodiment advantageously 
uses the advantages of ATM technology to enable hand- 
offs which are truly fast. In the exemplary embodiment, 
this is accomplished by either completely or partly pre- 
eslablishing the VPA/Cs between a given Packet Han- 
dler and all of its associated radio ports (and radio port 
multiplexors and by only activating those resources that 
are actually needed at a given time. In the exemplary 
embodiment, the wireless terminal is provided with in- 
formation during call set-up so that the wireless terminal 
can use this information to facilitate expedited activation 
and authentication over the new route. As will be dis- 
cussed in greater detail below, it is preferred that the 
wireless terminal be given a matched set of VPAfCs, 
which the wireless terminal gives to a radio port with 
which the wireless terminal desires to establish a new 
route. 

Because there is a limitation on the number space 
of VPA/Cs and because large routing tables, which are 
technically advantageous, may be economically prohib- 
itive in certain cases, the exemplary embodiment pref- 
erably also supports slow hand-offs. Fortunately, the ex- 
emplary embodiment enables even "slow" hand-offs to 
be completed relatively quickly through the use of par- 
tially pre-established VPA/Cs. 

Another aspect of hand-off management involves 
detecting the desirability of a hand-off. The decision of 
whether or not to hand-off, and if so, how, can involve 
numerous factors and perspectives. This is addressed 
in Section 5.1. The exemplary embodiment preferably 
uses wireless terminal directed hand-off, which is dis- 
cussed in detail in Section 5.2. Section 5.3 describes 
techniques for expedited hand-offs using ATM VP/VCs. 
It should be understood that each of the technique 
taught in Section 5.3 can be used with any hand-off di- 
rection technique. 

5:1 Hand-Off Direction 

In accordance with the IS-54TDMA, IS-95 CDMA 
and GSM air interfaces, hand-offs are both initiated and 
directed by the network with the assistance of the wire- 
less terminal, which assistance is in the form of Forward 



Channel quality measurements for neighboring base 
stations. In general, network initiated and directed hand- 
offs have been favored because it enables inexpensive 
wireless terminals, and because it facilitates authenti- 
s cation of the wireless terminal. 

5.1.1 Network Directed Hand-Off 

Although it is not preferred, the exemplary embod- 
io iment can support network initiated and directed hand- 
offs as follows. Radio Channel Quality Managers 1105 
periodically supplies every ^active (in call) wireless ter- 
minal with a list of Neighbor Radio Ports. This informa- 
tion can be sent to the wireless terminal as signaling in- 
15 formation via the Signaling Message Handler/Packet 
Handler and the radio port (or radio ports) currently serv- 
ing the wireless terminal. The wireless terminal then col- 
lects measurements on the Pilot Channel or Forward 
Control Channel quality for the Neighbor Radio Ports 
20 andsendsthem backtothe Radio Channel Quality Man- 
ager. 

The Radio Channel Quality Manager can take the 
data from the wireless terminal, and use the Forward 
Channel quality and Reverse Channel quality measure- 
rs ments for the current radio port and decide if a hand-off 
is desirable and, if it is, which radio port (among the 
Neighbor Radio Ports) should be deemed the Target Ra- 
dio Port. 

The Radio Channel Quality Manager can then send 
30 a message to the Target Radio Port requesting a hand- 
off and supplying information to affect connections from 
the Target Radio Port to the wireless terminal and to the 
associated Packet Handler. If the Target Radio Port 
does not have sufficient resources or it finds the Re- 

35 verse Channel Quality (which it can collect only after 
locking on to the wireless terminal) unacceptable, the 
Target Radio Port may deny the hand-off request. The 
Radio Channel Quality Manager can then try an alter- 
nate Target Radio Port or deny hand-off altogether. For 

40 the following reasons, network directed hand-off is not 
preferred in the exemplary embodiment. 

As the number of wireless terminals increases, and 
as radio ports are operated in closer proximity to each 
other, the density of radio ports per unit area increase 

45 and with it the amount processing required by the Radio 
Channel Quality Manager. Another militating factor is 
that as the radio port density increases, the Reverse 
Channel will be required to carry more Forward Channel 
quality measurement data. 

so Furthermore, in a hybrid environment comprising 
both macro and microcells, the decision of whether to 
allocate new calls to macro or microcells must be based 
on the mobility behavior of the wireless terminal ts con- 
sidered. It is suggested that it is economically prohibitive 

55 for the Radio Channel Quality Manager to monitor the 
movement of both active and idle wireless terminals for 
such purposes. The mobility of the wireless terminal is 
best monitored by each wireless terminal itself. 
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The exemplary embodiment of the present inven- 
tion preferably supports wireless terminal directed 
hand-off, even though this requires the wireless terminal s 
to be somewhat more complex. 

In particular, although with network directed hand- 
off the wireless terminal merely transmits the channel 
qualrty measurements it was previously collecting with 
w.reless terminal directed hand-off the wireless terminal to 
must beoapable of negotiating a hand-off with a Target 
Rad.o Port while simultaneously supporting- duplex* 
communication with the original radio port(s). To this 
end Section 5.2 describes wireless terminal directed 
hand-ofl as supported by the exemplary embodiment of 75 
the present invention. 

We assume that the Radio Port Channel Manager 
periodically evaluates the status of each radio port it is 
controlhng. This may include loading status (number of 
calls being handled, etc.) as well as any other factors *> 
which may affect the desirability of adding a new call or 
a hand-off to that radio port. Also, the Radio Port Chan- 
nel Manager maintains, for each radio port, a relatively 
static list of Neighbor Radio ports (NL). Based on the 
periodic evaluation of radio port status, Radio Port 2s 
Channel Manager creates a trimmed (or prioritized) list 
of Current Neighbors (CNL) for each radio port. The 
ls thus a Prioritized list of Radio ports ready to ac- 
cept a new call or a hand-off if the Reverse Channel 
Quality is acceptable. This list is sent or broadcast to so 
the wireless terminalperiodically based on the current 
radio port being used. The actual content will include at 
least the PHot Channel for every radio port in CNL and 
may include the Neighbor Access Channels and For- 
ward Control Channels as well. The trimming or priori- 35 
tang the NL to CNL implies a lower probability of a 
hand-ofl request failure due to resource unavailability. 

An alternative to providing the CNL periodically is 
for the Rad IO Port Channel Manager to request every 

[hfJ^H t0 broadcast a radi ° Port specific dynamic 40 
threshold, periodically over the air interface. These 
hresholds are used by the wireless terminalto decide if 
the Forward Channel Quality for a given radio port is 
acceptable. By choosing the threshold high for heavily 
loaded Radio ports the Radio Port Channel Manager in- 45 
d.rec ly informs the wireless terminalof the loading sta- 
tus of Radio ports. This has the advantage of providing 
finer granularity over the previously described CNL but 
makes the wireless terminaloperation more complex 
Another alternative is to adjust the Pilot Channel power so 
to reflect the loading on an radio port (in effect, dynam- 
•ca ly changing the coverage area). We have chosen the 
nrst approach in our proposalfcecause it keeps mey/ire- 
less termmaloperations simple. 

£5 



5.1 .3 Authentication in a Wireless Terminal Directed 
Hand-Off Environment 

When the exemplary embodiment supports wire- 
less term.nal d.rected hand^ff, it is preferred that wire- 
less terminal authenication be provided as follows Be- 
cause standard authentications take a significant 
amount o t.me, the goal of a fast hand-off is frustrated 
f the w Ire iess terminal must go through the standard au- 
thenticate procedure each time it requests a hand-off 
Therefore, it is preferred that the wireless terminal qo 
through the standard authentication process during cat 
set-up, and thereafter, engage in an expedited well- 
£X w Cha !f n96 " r6Sp0nSe excna r>9* with the new 
theha^ 

5.2 Procedure for Wireless Terminal Directed Hand- 
Off: Messaging Details 



This section discusses the procedure and associat- 
ed timing associated with for wireless terminal directed 
hand-off using preestablished VP/VCs between radio 
porte and Packet Handler 1 1 03, as supported by the ex- 
emplary embodiment. Resources are allocated to these 
pre-established VP/VCs only at hand-off. The proce- 
dures involving connection establishment at the time of 
hand-off (,. e ., no preestablished VCCs) are similar 

As described earlier, using the Radio Port Neighbor 
list and corresponding measurements the wireless ter- 
of hand'S^ t h ( f nd -° fftoa Target Radio Port. Initiation 
of hand-off by the w.reless terminal is accomplished by 
sending a handoff.request message on the access 

2r n o el ?. t l! Tar98t Radi ° Port and inc,udin 9 ID of 
the Packet Handler (typically represented by VP/VC 
rtenttfiers that uniquely identify the Packet Handler) to 
which rt is currently connected, so that the radio port can 

ST 6 Wh6ther 3 faSt hand -° ff is P° ss ^- The 
handoff.request includes the information required for 

J ^ PaCk6t Handler t0 «*"pie a fast 
SnJ. J ! radi ° P ° rt 15 asso =iated with the Packet 
Hand tor wh.ch ,s currently carrying the call. Also includ- 
ed in the handoff_request is information (e.g., the wire- 

?o «r, na « ESN> that the Tar9et Radio ™ will need 
m order to decode the mobile's packets (e g CDMA 
packets) if i, were to accept the handoff.request If the 
Target Radio Port has no resources available it can re- 

£Ll • ~°" reqU6St b * transmitting a 
handoff reject message to the wireless terminal on the 
Forward Control Channel (Paging Channel) of the Tar- 

get radio port. 

The remainder of this section describes three hand- 
off scenano* in detail that ihe exemplary embodiment 

the wireless terminal is allotted 3 VC identifiers at call 

R*Z 1. Pr ° VideS ° nS *** is not in use to the Target 
Pretr^hK ^ Paft °' th6 hando «-request message. 
Preferably rad.o ports that are associated with the Pack- 
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et Handler serving the wireless terminal have pre-estab- 
lished VCs to the Packet Handier. The germane mes- 
sage flows associated with this scenario are depicted in 
FIG. 17. 

Section 5.2.2 describes the second scenario where $ 
pre-established VPs between the Packet Handler and 
the associated Radio ports are used. VCs are picked at 
the time of hand-off. The germane message flows as- 
sociated with this scenario are depicted in FIG. 18. Sec- 
tion 5.2.3 describes the third scenario in which a com- 10 
plete VP/VC establishment from the Packet Handler to 
the Target radioport is 1 required at hand-oft because the • * * 
Target radio port is not associated with the Packet Han- 
dler (or when the system does not support fast hand- 
off s. The germane message flows associated with this * 5 
scenario are depicted in FIG. 19. 

5.2.1 Pre-established Unidirectional VCCs 

When pre-established uni-directional VCCs are 20 
used between a radio port and its associated Packet 
Handler : the wireless terminals provides the VCI (that is 
pre-established to the Packet Handler in the uplink di- 
rection), in the handoff_request message. FIG. 17 de- 
picts the timing of the germane message flows for an 25 
example of successful hand-off event directed by the 
wireless terminal for this scenario. The Target Radio 
Port attaches the VCI it received from the accessing 
wireless terminal and sends a set_reverse_VC mes- 
sage in a signaling OA&M cell to the radio port multi- 30 
plexer which routes the OA&M ATM cell to the Packet 
Handler over the pre-established uni-directional VC 
connection. ATM technology in particular describes the 
use of OA&M cells that are intercepted at intermediate 
network nodes for OA&M purposes. We describe a nov- 35 
el use of these OA&M cells for facilitating fast hand-off. 

The OA&M cell is read by the intermediate switches 
and multiplexers before being forwarded to the next en- 
tity on the pre-established VC connection. The down link 
VOconnection establishment is through the ATM rout- 40 
ing controller table at each switch or radio port multiplex- 
er, which maps an outgoing downlink VC identifier to 
each incoming port and incoming VC identifier on the 
uplink. Resource unavailability on any link and/or proc- 
essor on this route will result in the rejection of the rout- 45 
ing request. In that case, a handoff_reject message is 
sent back to the Target Radio Port and then via the Ra- 
dio Port Channel Manager and Control Channel Mes- 
sage Handler to the wireless terminals. 

If resources are available along the entire route, 50 
then the hand-off request can be accepted, and the 
downlink VC identifiers established as the 
set_reverse_VC OA&M cell traverses -the pre-estab- 
lished uplink VCC. At this point an ack_VC OA&M cell 
is transmitted on the newly established downlink VCC 55 
to the radio port. The Radio Port Channel Manager is 
informed of the establishment of the required duplex 
VCC between the radio port and the Packet Handler. 



The Radio Port Channel Manager can now assign a ra- 
dio channel to the hand-off call and inform the wireless 
terminal of the acceptance of the handofLrequest using 
a handoff_direction message. The handoff„direction 
message to the wireless terminal includes voice channel 
assignment (e.g., Walsh Function in CDMA) information 
that the wireless terminal uses to decode packets trans- 
mitted by the Target Radio Port. This message is trans- 
mitted on the Forward Control Channel of the Target Ra- 
dio Port. After the wireless terminals and the radio port 
are synchronized on the new Radio Channel, the wire- 
less terminal transmits a handoff ^complete message to 
the radio port, which is forwarded for information to the 
Wireless-Wired Gateway Control Manager. 

This method results in a "very* fast soft or hard 
hand-off process whereby no delay is incurred in the up- 
link direction for connection establishment. The down- 
link VCC is established while the first ATM OA&M cell 
is transmitted to the Packet Handler. 

5.2.2 Pre-established Bi-directional VPCs 

FIG. 18 depicts the timing of the germane message 
flows associated with p reestablished VPCs between 
each Packet Handler and each associated radio port, 
where only the VCIs at the end points (e.g., the radio 
port and Packet Handler) need to be selected when a 
handoff_request arrives. 

In this scenario, virtual paths (in both directions) be- 
tween radio ports and the Packet Handler are pre-es- 
tablished. These paths are preferably identified by the 
VPI field in the ATM cell header. The VCI field in the ATM 
cell header is then used to identify the particular call or 
the corresponding hand-off route for a given call. In this 
case, an OA&M cell on the pre-established VPC be- 
tween the radio port and the Packet Handler is used to 
transport an establish_VC request message to the 
Packet Handler. The Packet Handler Channel Manage- 
ment Subsystem in turn picks a VC identifier and sends 
a confirm_VC message to the radio port. With the acti- 
vation of this VCI, a connection is established between 
the radio port and the Packet Handler. Once the duplex 
VCC between the radio port and Packet Handler is es- 
tablished, the remainder of the hand-off procedure is 
completed as described in Section 5.2.1 . 

4.4.2.3 Slow Hand-off: No Pre-established Virtual 
Connections 

When either (1 ) VC/VCs are not pre-established (i. 
e., fast hand-off is not supported by the embodiment) or 
(2) the Target Radio Port is not associated with the Pack- 
et Handler of the call, then a slow handoff, which re- 
quires complete connection establishment at the time of 
handoff_request, can be accomplished through either 
(1) permanent virtual paths (VPs) established between 
Packet Handlers, or (2) or a complete VP/VC establish- 
ment can be completed at the hand-off request. The tim- 
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ing of the germane message flows associated with the . 
latter is shown in FIG. 19. 

As shown in FIG. 1 9, the handoff_request is directly 
forwarded by the radio port via the Control Channel 
Message Handling Subsystem to the Wireless-Wired s 
Gateway Control Manager. The Wire less- Wired Gate- 
way Control Manager, using standard procedures, con- 
tacts the Channel Manager of the Packet Handler car- 
rying the call and the Radio Port Channel Manager to 
establish a VCC for the call. Once the VCC is estab- io. 
lished the Wireless-Wired Gateway Control Manager in- 
forms the Radio Port Channettvlanager to continue with - :. . 
the rest of the hand-off scenario, as in the case of the 
fast hand-off. 

It is understood that the above described embodi- is 
ments are merely illustrative of the application of princi- 
ples ot the invention and that other arrangements may 
be devised without departing from the spirit and scope 
of the invention. 



Claims 



1. A method for establishing a virtual circuit compris- 
ing 

receiving, at a radio port, a virtual circuit iden- 
tifier from a wireless terminal; 
attaching said virtual circuit to an OA&M cell; 
and 

transmitting, from said radio port, an OA&M cell 
to a radio port manager over a pre-established 
uni-directional virtual circuit. 
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